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SAFETY STEPS TO FOLLOW IF SOMEONE 
IS THE VICTIM OF ELECTRICAL SHOCK 




DO NOT TRY TO PULL OR GRAB THE INDIVIDUAL 




IF POSSIBLE , TURN OFF THE ELECTRICAL POWER 





IF YOU CANNOT TURN OFF THE ELECTRICAL 
POWER, PULL, PUSH, OR LIFT THE PERSON TO 
SAFETY USING A WOODEN POLE OR A ROPE OR 
SOME OTHER INSULATING MATERIAL 

SEND FOR HELP AS SOON AS POSSIBLE 




AFTER THE INJURED PERSON IS FREE OF 
CONTACT WITH THE SOURCE OF ELECTRICAL 
SHOCK, MOVE THE PERSON A SHORT DISTANCE 
AWAY AND IMMEDIATELY START ARTIFICIAL 
RESUSCITATION 
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SAMPLING UNIT 



Fig. 1-1. 7S11 Sampling Unit. 
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INTRODUCTION 
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0-1. Scope 

This manual describes Vertical Amplifier AM-6787(P)/- 
U, which is identified throughout this manual as 
Tektronix Model 7S11 Sampling Unit. The manual in- 
cludes technical data, installation operation and 
maintenance instructions. | Section Ti includes a Cross- 
Reference Index between the Tektronix part numbers 
and the equivalent NATO/National Stock Number NSN). 
I ADDendix~Al contains a list technical manuals and other 
publications that pertain to the AM-6787P)/U and to 
equipments that support it. I Appendix PI contains the 
Maintenance Allocation Chart (MAC) which defines the 
levels and scope of maintenance functions for the 
equipment the Army system. 



0-2. Indexes of Publications 

a. DA Pam 310-4. Refer to the test issue of DA Pam 
310-4 to determine if there are any new editions, 
changes, or additional publications pertaining to the 
equipment. 

b. DA Pam 310-7. Refer to DA Pam 310-7 to deter- 
mine if the re any modification work orders (MWO’s) 
pertaining to he equipment. 



and DLAR 4500.15. 

0-4. Reporting Equipment Improvement 
Recommendations (EIR) 

If your AM-6787 (P)/U needs improvement, let us know. 
Send us an EIR. You, the user, are the only one who 
can tell us what you don’t like about your equipment. Let 
us know why you don’t like the design. Tell us why a 
procedure is hard to perform. Put on an SF 368 
(Quality Deficiency Report). Mail it to Commander, US 
Army Communications and Electronics Materiel 
Readiness Command, ATTN: DRSEL-ME-MQ, Fort 
Monmouth, New Jersey 07703. We’ll send you a reply. 

0-5. Administrative Storage 

The AM-6787(P)/U can be stored in stockrooms 
warehouses, or other protected facilities The equipment 
should be protected from excessive humidity, sand, dust 
and chemical contaminants. Before putting the AM- 
6787P)/U into administrative storage, make the following 
preparations: 

a. Perf orm the pre ventive maintenance inspections 
prescribed ir f Section^ of this manual. 



0-3. Maintenance Forms, Records, and Reports 

a . Reports of Maintenance and Unsatisfactory 
Equipment. Department of the Army forms and 
procedures used for equipment maintenance will be 
those prescribed by TM 38-750, The Army Maintenance 
Management System. 



b. Refer t d Section"^ of the manual for repackaging 
instructions. If the require d materials are available, 
repackage as indicated in [Section ^ If complete 
repackaging materials are not available, at least protect 
the unit with protective plastic or paper wrapping. Store 
the equipment in a cardboard or wooden carton with 
protective packing material around it. 



b. Report of item and Packaging Discrepancies. Fill 
out and forward SF 364 (Report of Discrepancy (ROD)) 
as prescribed in AR 735-1 1-2/DLAR 4140.55/- 
NAVSUPINST 4440.1 27E/AFR 400.54MCO 4430. E. 

c. Discrepancy Shipment Report (DtSREP) 
(SF36D1).F\\\ out and forward Discrepancy in Shipment 
Re-port (DISREP) (SF 361) a prescribed in AR 55-38/- 



c. Store the equipment indoor, protected from the 
elements. Maintain the equipment at moderate 
temperature and humidity. 

0-6. Destruction of Army Electronics Materiel 

Destruction of Army electronics materiel to prevent 
enemy use shall be in accordance with TM 750-244-2 
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SECTION 1 

7S11 SPECIFICATION 



7S11 



Change information, if any, affecting this section wiii be found at the rear of the manuai. 



General Information 




TABLE 1-1 (cont) 




The 7S1 1 Sampling Unit is a single channel vertical 


Characteristic 


Performance 


amplifier plug-in unit designed for operation in Tektronix 7000- 
Series Oscilloscopes. The 7S1 1 accepts the S-Series 
Sampling Heads. The Sampling Head determines the input 
characteristics and the availability of a trigger pickoff. 


Gain Accuracy (Ratio to add 
to accuracies of source, 
oscilloscope, attenuators, 
etc.) 


Within 3% when 
NORMAL/SMOOTH function is 
NORMAL, with GAIN adjusted at 
any Units/Division switch setting 
Within6% when NORMAL 








/SMOOTH function is SMOOTH 


The S-Series Sampling Head used can be plugged into the 


Units/Divsion Variable 


Extends deflection factor from 1 


7S1 1 or used remotely on an optional extender cable unit. The 
7S11 provides the power for the sampling head 
Interconnections to the sampling head circuits are provided by 
the connector in the sampling head compartment of the7S1 1 . 


Range 


unit/division or less to at least 400 
unit/division 






GAIN Range 


Permits adjustment of deflection 
factor at any Units/Division switch 
setting for all 7000-series 
oscilloscopes. 






DELAY Range 


At leas 10 ns. 






Memory Slash 


0.1 division or less at 20 Hz for 








ambient temperature of 0°C to 
less than 30 °C. 


The 7S11 and a 7T11 Sampling Sweep Unit operated in 
the center plug-in compartments of a 7000-Series 

oscilloscope provide a single channel sampling system. 
Two7S11's and one 7T11 provide dual-trace sampling, using 
the electronic switching in the oscilloscope vertical amplifier. 
X-Y operation is provided by two 7S1 1 's operated in the 
center plug-in compartments of the oscilloscope. 


DC OFFSET Range 


+1 volt to -1 volt or more. ' 






OFFSET OUT Range 


+10 volts to -1 0 volts or more. 


If a trigger pickoff is provided in the sampling head 
interconnections between two 7S11's and the 7T11 through 
the fixed and movable shoes provide a trigger selection circuit 
to trigger the 7T11. An internally reconstructed signal is 
provided to trigger a real-time time-base such as the 7B50 


Relation to actual Offset 


Actual Offset = (0.1) (Offset Out) 
within 2%. 






Source resistance (related 
to actual Offset) 


10 kil within 1%. 


Sampled signals are presented to both the oscilloscope 
vertical amplifier and to the front panel connectors for external 
use with auxiliary equipment such as pen recorders 


VERTical SIGnal OUT 
Amplitude in volts 

(Referenced to input) 


(Signal input in volts) 
(200units/Div within 2%. 2.4 volts 
peak-to peak maximum. 


Table 1-1. 


Deflection factor 


200 mV/ displayed division within 


ELECTRICAL 


(Referenced to CRT) 


3% in + UP or INVERT. 






Source resistance 


10 kil within 0.5% 


Characteristic 


Performance 






Deflection Factor 


2 to 200 in seven steps in 1 , 






Units/Division Range 


2, 5 sequence. The 

Units/Division are those 
labeled on the sampling 
head. 







^ Unless otherwise stated on sampling head front-panel. 
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Specification-781 1 



ENViRONMENTAL CHARACTERiSTiCS 

Storage-altitude up to 50,000 feet or 15,000 meters 
and-55'C. Operating characteristics are the same as 
those listed in the 7000-series oscilloscope manual. 



PHYSiCAL CHARACTERiSTiCS 



Dimensions 




Height 


5 inches (12.7 centimeters) 


Width 


3 inches (7.6 centimeters) 


Length 


14 1/2 inches (37 centimeters) 



Approximate dimensions including knobs and 
connectors. 



Finish 


Front panel is anodized aluminum. 


Weight 




Net 


About 2 pounds (0.9 kilogram). 


Shipping 


About 3 1/4 pounds (1.46 kilo- 
gram s) . 



STANDARD ACCESSORiES 

Standard accessories supplied with the 7S11 are listed 
on the last page of the Mechanical Parts List section. 
For optional accessories available for use with this 
instrument, see the Tektronix, Inc. catalog. 
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SECTION 2 

OPERATING INSTRUCTIONS 



7S11 



Change information, if any, affecting this section wiii be found at the rear of the manuai. 



General Information 

This section discusses instaiiation, first time operation, 
function of front panei controis and connectors, basic 
operation and appiications of the 7S1 1 . if you are 
unfamiiiar with sampiing, it may be heipfui to read iSectioni 
Basic Tektronix Sampiing Principies, before proceeding 
with this section. 



The 7S11 is a singie-channei sampiing unit for use in a 
sampiing system consisting of a Tektronix 7704 or 7504 
Osciiioscope mainframe, a sampiing sweep unit (7T11) or 
reai-time time-base and a 7S1 1 -sampiing head 
combination. The 7511 accepts an S-series sampiing head 
which determines the input characteristics of the sampiing 
system and (except for the Type S-3 Sampiing Head) 
provides a trigger pickoff. 

The 7S1 1 can be use for reai time operation with reai- 
time time-base units such as the 7B71 or 7B70 with the 
7704 Osciiioscope, or the 7B51 or 7B50 with the 7504 
Osciiioscope. An internai trigger source from the dispiay 
signai is provided for reai time operation. Nevertheiess, the 
maximum useabie sweep rate is about .1 ms/div (with a 1 
kHz signai), since at higher frequencies the horizontai dot 
size increases and the number of dots per division 
becomes iess than three. 



The verticai defiection factors of 2 to 200 are caiibrated 
to the units iabeied on the sampiing head. Three-foot and 
six-foot sampiing head extender cabies are avaiiabie to 
operate the S-series sampiing heads remoteiy. Order the 
three-foot sampiing head extender cabie by Tektronix Part 
No. 012-0124-00. Order the six-foot sampiing head ex 
tender cabie by Tektronix Part No. 012-0125-00. Contact 
your iocai Tektronix Fieid Engineer or Representative for 
price and avaiiabiiity of these optionai accessories. 



Installing the 7S11 in the Oscilloscope 

Insert the 7S11 into the Right Vertical opening of the 
oscilloscope and slide the 7S11 completely into the com- 
partment. The 7S11 will lock into place with the spring 
loaded latch knob. 



Insert the sampling head into the 7S1 1 with the latch 
knob free to move until completely in the 7S1 1 , then 
push the latch to lock the head in place. To remove, pull 
the latch knob away from the panel, then pull the unit 
from the 7S1 1 . 

The 7T11 Sampling Sweep Unit, normally used with 
the 7S1 1, must be installed in the A Horizontal opening 
next to the 7S1 1 to make connections between the two 
units through side connectors (the movable and fixed 
shoes). 



Mating 

The 7S11 Vertical Output Amplifier gain must be 
matched to the oscilloscope CRT deflection factor for 
accu- rate gain measurements. The GAIN control, a 
screwdriver adjustment on the front panel, adjusts the 
Vertical Output Amplifier gain of the 7S1 1 . Adjustment of 
this GAIN control using the Type 284 Pulse Generator 
as a signal source is shown under Equivalent Time 
Sampling Operation which follows. For further Gain 
information, refer to the Gain Adjustment instructions 
later in this section. 




Fig. 2-1. Equivaient time sampiing system. 
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FIRST-TIME OPERATION 



Operating lnstructions-7S11 



Equivalent-Time Sampling Operation 

Equivalent time sampling operation as described 
here is provided by a system consisting of the 7504 
Oscilloscope, the 7S11 Sampling Unit, the Type 2-1 
Sampling Head, and the 7T11 Sampling Sweep Unit. 
The system is shown in i Fig. 2^ . Operation of the 
oscilloscope, sampling head, and the sampling sweep 
unit is covered more fully in each instrument’s manual. 
In this description, a Type 284 Pulse Generator is used 
as a signal source. 



Set the Oscilloscope Vertical Mode switch to Right, 
the A Trigger Source switch at Right Vert, and the 
Horizontal Mode switch to A.. Other oscilloscope 
controls may be in any desired position. 



Set the 7S1 1 controls as follows: 



DELAY Midrange 

-rUPlINVERT -hUP 

DC OFFSET and FINE Midrange 
VARIABLE Pushed in 

Units/Div 200 

DOT RESPONSE Midrange 

NORMAL/MOOTH NORMAL 



Set the 7T1 1 controls a follows: 



Time Position and Fine 

Slope 

Trig Level 

Stability 

Random/Sequential 

Trig Amp 

Variable 

Time/Div 

Sweep Range 

Int/Ext 

Scan 

Rep/Man/Ext Input 



Fully clockwise 

-I- 

Midrange 

Fully counterclockwise 

Sequential 

XI 0 

Pushed in 
.1 ps 
5 ps 
Int 

Midrange 

Rep 



Type 284 

Square Wave Amplitude 1 .0 V 
Period 1 Js 

Mode Square Wave Output 

Lead Time 75 ns 

Connect the Squaw Wave Output signal of the Type 
284 through a 5 ns coaxial cable (Tektronix Part No. 
017-0512-00) to the input connector of the Sampling 
Head installed in the 7S1 1 . 



Center the trace on the graticule with the DC OFFSET 
control and adjust the Trig Level and Stability controls on 
the 7T11 clockwise for a stable display. The GAIN 
adjustment is properly set if the amplitude is 5 vertical 
divisions. If the amplitude is not correct, adjust the GAIN 
control with a small screwdriver for 5 divisions of vertical 
deflection. 



NOTE 

Operating the sampling head without the input 
connector terminated by a 50Q. resistor or coaxial 
cable will cause a few millivolts vertical shift to the 
zero signal baseline. This occurs because the strobe 
kickout signal is reflected from the open input 
connector. The kickout signal arrives back at the 
sampling bridge during sampling time, while the bridge 
is still conducting. To avoid this baseline shift, 
connect the input circuitry, then set the display zero 
reference poin.t Use at least 20 cm of airline between 
the Type S- 1 input and a fast generator (such a tunnel 
diode pulse generator) or circuit that is sensitive to the 
fast Strobe kickout signal. 

CONTROLS AND CONNECTORS 



A brief description of the function and operation of the 
controls and connectors of the 7S1 1 follows. The control 
setup chart i Fig. 2-21 shows the front panel with an S-series 
sampling head installed. This figure may be reproduced 
and used as a test setup record for special applications or 
procedures, or it may be used as a training aid for 
familiarization with this instrument. 



DELAY (10 ns 

RANGE) 

signa- 



Varies the time position of the ap- 
plied signal in relation to displayed 
signals from other vertical 
instruments operating in the same 
main frame. 



-i-UPANVERT In the -i- UP button setting, a positive 

input signal deflects the CRT beam 
upward. In the INVERT push button 
setting, the displayed signal is 
inverted, a negative signal deflects the 
CRT beam upward. 

DC OFFSET ±1 V Applies internal signal offset voltage of 
H-1 to -1 volt to the sampling head. 
The input signal zero reference 
(related to the CRT) is the DC Offset 
voltage instead of ground. Permits all 
portions of a -nl-volt input signal to be 
positioned through the CRT graticule 
area vertically even at a deflection 
factor of 2 units per division. Verti- 
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Operating lntructions-7S11 



FINE 



Units/Div 



VARIABLE 
(CAL IN) 



DOT 

RESPONSE 



GAIN 



NORMAL/ 

SMOOTH 



cal deflection total is 16 mV with a 
deflection factor of 2 mV/Div, and 1 .6 V 
when the deflection factor is 200 
mV/Div. The front panel OFFSET jack 
allows accurate slide-back voltage 
measurements to be made of part or all 
of a signal at 10X the actual offset 
voltage applied to the head. 

Provides vernier control of the DC 
Offset function. Concentric with the DC 
OFFSET ±1 V control. 

Selects calibrated deflection factor from 
200 units/div to 2 units/div in a 1-2-5 
sequence. The units are selected and 
named on the adjacent S-series 
sampling head. For example, with a 
Type S-1 Sampling Head, the Units/Div 
switch set at 100, each major division of 
deflection corresponds to 100 millivolts 
of applied signal at the S-1 input 
connector when the VARIABLE control 
is at the (CAL IN) position. 



Provides uncalibrated, variable vertical 
deflection factor between labeled values 
of the Units/Div switch. When the 
VARIABLE control is rotated from the 
counter-clockwise position, displayed 
amplitude varies from less than 0.5 to 
more than 2.5 times the calibrated 
displayed amplitude. 



Permits adjustment of loop gain for opt- 
imum dot transient response when the 
NORMAL/SMOOTH switch is in the 
NORMAL position. 

Screwdriver adjustment permits 
calibration of the vertical output amplifier 
gain to match the oscilloscope CRT 
deflection factor. 

Selects unity loop gain at the NOR- 
MAL push button setting. Reduces the 
loop gain to 0.3 or less at SMOOTH 
push button setting. NORMAL provides 
the correct loop gain required when 
measuring risetime. SMOOTH reduces 
the effect of random noise on the 
display while requiring high sampling dot 
density for the correct displayed 
risetime. 



INT TRIG Push button selects internal trigger 
operation between two 7S1 1 ’s. In- ternal 
triggering is canceled when associated 
time base in the same 7000-series 
mainframe is switched to external 
triggering. Lights up when internal 
triggering is restored. 



OFFSET OUT Unless otherwise specified on the sa 
X10 10 ki2 mpling head front-panel, the open circuit 
voltage at this miniature connector is ten 
times the internal DC Offset voltage as 
set by the DC OFFSET control. The 
output resistance is 1 0 ki2 



VERT SIG A facsimile signal (the same Mem-OUT 
.2V/DIV ory output signal that drives the Vert- 
10ki2 ical Amplifier) is available at this 

miniature connector. The .2 V/DIV label 
applies only when the VARIABLE control 
is at its CAL IN position and is limited to 
about 2.5 V maximum. (The VARIABLE 
control alters the CRT deflection factor 
but does not change the signal amplitude 
fed to the VERT SIG OUT miniature 
connector.) Output voltage swing is not 
limited to the magnitude displayed on the 
CRT. Permits a non-sampling type 
oscilloscope to monitor the facsimile 
signal. Output resistance is 10 ki2. 



GND 



Miniature connector provides a con- 
venient front-panel ground point. 



BASIC OPERATING INFORMATION 



Dual T race 

The dual-trace features of the 7504 Oscilloscope 
Vertical Mode permits observation of two 7S1 1 displays 
simultaneously. This is useful for comparing amplitude, 
risetime, waveshape, and time relationship of two signs. 
The sweep can use either 7S11 as the internal trigger 
source. Be sure to trigger from the 7S1 1 with the earliest 
signal event. Use input signal cables with equal delays 
to preserve the time relationship of the two signals. 

The DELAY control adds a variable to the time 
coincidence of the two signals to accommodate small 
time difference in cables or sampling heads, so that both 
signals can be displayed in the correct time relationship. 
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Fig. 2-3. Dual trace operation. 

Dual-trace sampling operation requires two 7S11 
Sampling Units, a 7T11 Sampling Sweep Unit, and 
two S-series sampling heads installed in the 7504 
Oscilloscope. As with single-trace operation, the 
7T11 must be installed in the A Horiz opening 
adjacent to the 7S11 for internal triggering 
connections. The se cond 7S1 1 is installed in the Left 
Vert opening. See lFia. 2-3. 1 Set the controls as 
follows: 



7S11 Sampling Units 



DELAY 


Midrange 


-rUP/INVERT 


-hUP 


DC OFFSET and FINE 


Midrange 


VARIABLE 


Pushed in 


Units/Div 


50 


DOT RESPONSE 


Unity loop gain 
l(Fio.2-5f 


NORMAL/SMOOTH 


NORMAL 



7T11 Sampling Sweep Unit 


Time Position and Fine 


Fully clockwise 


Slope 


+ 


Trig Level and Stability 


For triggered display 


Random/Sequential 


Random 


Trig Amp 


XI 


Variable 


Pushed in 


Time/Div 


5 ps 


Sweep Range 


50 ps 


Int/Ext 


Ext 50 2 V MAX 


Scan 


9 o’clock setting 


Rep/Man/Ext Input 


Rep 



Type 284 Pulse Generator 

Mode Pulse Output 

Lead Time 75 ns 

Set the 7504 Oscilloscope Vertical Mode switch 
to Chop. Connect the Type 284 Pulse Output 
signal to the sampling head input connectors 
through a power divider and two 5 ns coaxial 
cables. Connect the Type 284 Trigger Output signal 
to the 7TII Trig Input connector through a 50 E 
coaxial cable and 3 mm to BNC adapter, supplied 
with the 7T1 1 . 

Adjust the 7T11 Trig Level control for a stable 
display. Center both traces on the graticule 
vertically with the DC OFFSET controls. This 
properly triggered dual-trace display will be similar 
to lFig. 2-4A . 

Time Position. To show DELAY control 
operation, change the 7T1 1 Sweep Range switch to 
5 #s and the Time/Div switch 2 ns. Turn the Time 
Position control counterclockwise to place the rising 
potion of the pulses on the graticule. Time 
difference between the two displays should be 
eliminated by adjusting one or both DELAY 
controls. 

Add 

The algebraic addition of two signals can be 
obtained with the Oscilloscope Vertical Mode switch 
set in the Add position. The DELAY control can be 
used to compensate for small time differences 
between displays before making accurate algebraic 
addition of the two signals. For accurate algebraic 
addition, both sampling heads should be same 
type. Use the same display as described under 
dual-trace time positioning. 

The two signals can be superimposed using the 
DC OFFSET and DELAY controls for most 
accurate time coincidence setting. Set the 
Oscilloscope Vertical Mode switch to Add. The 
superimpose d signals at dual-trace will be similar to 
the display of l Flo. 2-4B . 

Push the IN VERT sw itch on one 7S1 1 . The 
display shown in i Fig. 2-4C is nearly a straight line 
indicating equal and opposite signal amplitude. 
Rotate the DELAY control of either 7S1 1 and notice 
that any time difference between the two displays 
will appear as a pulse, either positive or negative 
depending on the time position relative to the time 
coincidence. 

Dot Response. The loop gain of the sampling 
unit is changed with adjustment of the DOT 
RESPONSE control. Random process sampling 
(available with the 7T1 1 ) or 
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multiple triggering (with a real-time time base) are conven- 
ient ways to adjust the DOT RESPONSE control to a set- 
ting of unity loop gain (each sample responding to the full 

I — 




signal amplitude). 100 millivolts with the Type 284 Pulse 
Output signal applied to two inputs through the power 
divider (keeping the same signal connections as above) 
would use the Random mode of the 7T1 1 . 

Push the H-UP switch and the Oscilloscope Vertical 
Mode switch Left or Right button. Observe the display as 
the DOT RESPONSE control is rotated clockwise and 
counter-clockwise. A setting of unity loop gain occurs when 
the random dots do not overshoot or undershoot the display 
thel Fig. 2-^ 




Fig. 2-5. Loop gain adjustment, tripie exposure 

Vertical-Horizontal (X-Y) 

Two 7S11 Sampling Units operated in the center 
compartments (Right Vert and A Horiz) of the 7504 
Oscilloscope will produce the X-Y display for phase 
difference calculation Se d Flo. 2-6A . Any time-related 
signals which do not exceed sampling head input 
specifications may be used at the input connectors 

The 7S11 in the Right Vert compartment controls the 
vertical deflection and the 7S1 1 in the A Horiz 
compartment controls horizontal deflection. Set the 
Oscilloscope Vertical Mode switch at Right and the 
Horizontal Mode to A Horiz. To produce a Lissajous 
figure, apply a sine wave to both input connectors through 
the power divider and 5 ns coaxial cables. The Type 284 
1 ns Sine Wave Output can be used. Set the Units/Div 
switches at 10 and VARIABLE controls for a 6 division 
display both vertically and horizontally; the DELAY control 
of either 7S1 1 can be used to give a circle display (90° out 
of phase) or a diagonal straight line (90 or 180° out of 
phase) for setting the 6 divisions. Set the DELAY control 
for the diagonal straight line to eliminate phase difference 
at the 5 ns coaxial cable inputs. 

After these adjustments, the system is ready to show 
accurate phase difference displays over a wide range of 
frequencies. Connect the signals to the 5 ns coaxial cable 
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inputs. rFTa. 2-6C shows a method for calculating the phase 
difference between the two signals. 




A. Installed Sampling Units. 




C. Calculation of 0 method. 



Fig. 2-6. X-Y operation. 



Real Time Sampling 



Caution 



Never operate the reai-time time-base without 
the side covers in piace because of possibie 
damage to the movabie shoe contacts or to 
parts in the time-base unit 

Real Time Sampling operation uses the three slowest 
ranges of the 7T11 Sweep Range switch or a real-time 
time-base unit such as the 7B50, 7B51 , 7B70 or 7B71 . The 
7S11 provides oscillator controlled Strobe Drive pulses to 
the sampling head, independent of the real-time time-base 
unit. The repetitive Strobe Drive pulses are turned on when 
the 7T11 Sweep Range switch is at the 50, 5, and .5 ms 
ranges or when the time-base unit is a real-time time-base 
unit. Real time internal triggering is available even when 
the sampling head does not contain a trigger pickoff circuit. 
Install the 7S1 1 and real-time time-base units in the center 
compartments (or the Left Vert and B Horiz) of the 
oscilloscope. 

The 7504 Oscilloscope Calibrator Output of 1 kHz, 
Amplitude switch at 0.4 V into 50 Q. may be used as the 
signal source. Connect the Calibrator Output to the 
sampling head input connector through a 50 n coaxial 
cable and BNC to GR adapter. Set the Units/Div switch to 
100 and the time-base unit Time/Div switch to .5 ms. 
Obtain a stable display with the Level/Slope control or the 
Trig Level and Stability controls. 

Real time sampling offers DC offset capabilities 
matched with good overload recovery. Random noise in 
the display can be reduced through smoothing with the 
DOT RESPONSE control and SMOOTH operation. 

NOTE 

Type S-5 Sampiing Head verticat noise may be 
reduced for reai time sampiing by iowering the 
osciiiator frequency by adjusting Rep Rate 
controi (R415). This aiso wiii iower the dot 
density. 

Gain Adjustment 

The GAIN control (a front-panel screwdriver 
adjustment) matches the gain of the 7S11 vertical output 
amplifier to the Oscilloscope CRT deflection factor. The 
gain should be checked and adjusted each time the 7S1 1 is 
used with a different oscilloscope. A 1% difference is 
possible between channels. 

An accurate voltage source should be used into the 
input connector of the sampling head. The signal source 
impedance must be considered when it drives the input of a 
50 Q. sampling head. 
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7S 11 



DELAY Midrange 

+UP/INVERT +UP 

DC OFFSET and FINE Midrange 

VARIABLE Pushed in 

Units/Div 200 

DOT RESPONSE Midrange 

NORMAL/SMOOTH NORMAL 



7T11 

Time Position and Fine 

Siope 

Trig Levei 

Stabiiity 

Random/Sequentiai 

Trg Amp 

Variabie 

Time/Div 

Sweep Range 

Int/Ext 

Scan 

Rep/Man/Ext Input 



Fully clockwise 
+ 

Triggered display 
Triggered display 
Sequential 
X1 

Pushed in 
.2 )is 
50 )is 
Ext 

9 o'clock position 
Rep 



Type 284 

Square Wave Amplitude 1 .0 V 
Period 1 )is 

Mode Square Wave Output 

Lead Time Optional 

used. The Oscilloscope Calibrator output, with an 
accuracy within 1%, can be used also. 



Using the Type 284. Set the controls as follows using 
the Type 284, accuracy withing 0.5% producing 7S11 
deflection factor better than 3.5%, as the signal source to 
check or adjust the GAIN control of the 7S11 and 50 
sampling head: 

Connect the Square Wave Output signal from the 
Type 284 to the sampling head input connector through a 
coaxial cable. Connect the Trigger Output signal from the 
Type 284 to the 7T11 Trig Input connector through a 
coaxial cable and BNC to 3 mm adapter. 

Adjust the 7T1 1 Trig Level control for a stable display. 
Center the trace on the graticule with the DC OFFSET 
controls and observe the square wave amplitude. If the 
amplitude is not 5 vertical divisions, adjust the GAIN 
control with a small screwdriver for 5 vertical divisions. 



Using Oscilloscope Calibrator. Set the controls as 
follows using the Oscilloscope Calibrator as the signal 



7S11 



DELAY 


Midrange 


-rUP/INVERT 


+UP 


DC OFFSET and FINE 


Midrange 


VARIABLE 


Pushed in 


Units/Div 


100 


DOT RESPONSE 


Unity loop gain 


NORMAL/SMOOTH 


NORMAL 


7T11 


Time Position and Fine 


Fully clockwise 


Slope 


- 1 - 


Trig Level 


Triggered display 


Stability 


Triggered display 


Random/Sequential 


Sequential 


Trig Amp 


XI 


Variable 


Pushed in 


Time/Div 


.5 ms 


Sweep Range 


50 ms 


Int/Ext 


Int 


Scan 


Optional 


Rep/Man/Ext Input 


Rep 


7504 


Calibrator Volts 


4 V (0.4 V 
into 50 Q.) 


Rate 


1 kHz 



source to check or adjust the GAIN control of the 7S1 1 
and 50 Q. sampling head. The 1 kHz, 0.4 V output has 
an accuracy of ±1%, producing a 7S11 deflection factor 
accuracy better than 4%. 

Apply the signal from the Oscilloscope Calibrator 
Volts output connector to the sampling head input 
connector through a BNC coaxial cable and BNC to GR 
adapter. Adjust the Trig Level control for a stable display 
of the square wave. Set the DOT RESPONSE control to 
unity loop gain (no overshoot or undershoot at the 
leading front corner). 

Center the trace on the graticule with the DC 
OFFSET controls and observe the amplitude. If the 
amplitude is not 4 vertical divisions, adjust the GAIN 
control with a small screwdriver for 4 vertical divisions. 

Vertical Signal Output 

A composite signal is available at the Vertical Signal 
Out-put jack (VERT SIG OUT. This signal is taken after 
the sampling process and is a proportional 
representation of the display signal rather than the input 
signal itself In real time sampling, the output signal 
voltage follows the rate of the internal real time 
oscillator. The open circuit voltage at the jack is 200 
millivolts per division of display when the VARIABLE 
control is pushed in. The output resistance is 
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10 ki2, The signal is not affected by the Oscilloscope 
Verti-cal Mode switch. The signal is changed by the 
Units/Div switch, the DC OFFSET controls, and the 
NORMAL/ SMOOTH switches. The INVERT switch 
does not invert the signal. Output voltage swing is 
limited to 2.5 volts peak or about 6 divisions above and 
below the graticule center depending on the actual 
position. The Units/Div switch is active but the output 
voltage is always proportional to the CRT display (0.2 
V/Div) up to 12 divisions maximum peak to peak. Since 
the signal at the Vertical Output jack is an equivalent 
time signal, it is useful for pen recorder applications 
when the sampling sweep unit external input is driven by 
the recorder. 

The OFFSET OUT monitor jack permits accurate 
measurement of the DC voltage set by the DC OFFSET 
controls. The output voltage has a range of +10 to -10 
volts. Unless otherwise specified on the sampling head 
front panel, the monitor jack output voltage is ten times 
the internal DC offset voltage. The output resistance is 
10 ki2 

BASIC APPLICATIONS 
Vertical Deflection Measurements 

Vertical displacement of the trace on the CRT is 
directly proportional to the signal at the sampling head 
input connector installed in the 7S11. The amount of 
displacement for a given signal can be selected with the 
Units/Div switch. To provide sufficient deflection for best 
resolution, set the Units/Div switch so the display spans 
a large portion of the graticule. Also, when measuring 
between points on the display, be sure to measure 
consistently from either the bottom, middle, or top of the 
trace. This prevents the width of the trace from affecting 
the measurements. 

To make a vertical deflection difference 
measurement between two points on the display, 
proceed as follows: 

1. Note the vertical deflection, in graticule divisions, 
between the two points on the display. Make sure the 
VARIABLE control is in the CAL position. 

NOTE 

The vertical deflection factor is determined by 
the Units/Div switch and the value of the units of 
measure as stated on the sampling head front 
panel The ratio of the input signal to the resultant 
deflection is called the deflection factor. For 
example, with the sampling head unit values 
stated as m V/Div, and the Units/Div switch set 
to 20, the vertical deflection factor will be 20 m 
V/division 

2. Multiply the divisions of vertical deflection by the 2-9 
deflection factor, and the external attenuator or probe 
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attenuation factor (if any). The product is the voltage 
difference between the two points measured. 

For example, suppose you measure 4.4 divisions of 
deflection between two points on the display and the 
Units/Div switch is set for 20 mV/Div. Multiply 20 
millivolts/division by 4.4 divisions, the product is 88 
millivols. This is the voltage difference at the input 
connector between the two points on the display. Now 
assume there is a 10X external attenuator (probe) 
between the input connector and the signal source. To 
determine the actual signal voltage at the source, multiply 
10 (the attenuation factor of the probe) by 88 millivolts; 
this product (880 millivolts or 0.88 volts) is the actual 
voltage at the signal source. 

It is also possible to measure an instantaneous (or 
DC) voltage to ground from the display. This 
measurement is accomplished in the same manner, 
except that with no signal applied, you must first establish 
a ground-reference point on the CRT. 

NOTE 

To establish the ground reference point be sure 

the input connectors either terminated by a 50 Q. 

resistor or coaxial cable connected to the input. 

To do this, trigger the sampling sweep unit with the 
signal source and display a trace. Then, position the trace 
so it is exactly aligned with one of the graticule lines. The 
actual graticule line you select will be largely determined 
by the polarity and amplitude of the applied signal. After 
establishing the ground reference, make no further 
adjustments with the DC OFFSET control. 

Apply the signal and measure the voltage in the 
manner previously described. Make all measurements 
from the established ground reference point Accuracy of 
this measurement is within ±3%. 

If the applied signal has a relatively high DC level, the 
ground-reference point and the actual signal may be so 
far apart that neither will appear on the CRT. In this case, 
refer to the following discussion on "Voltage 
Measurements Using the DC Offset Control." 

Voltage Measurements Using the DC OFFSET 
Control. Unless otherwise stated on the sampling head 
front panel, the DC offset voltage cancels the effect of an 
applied DC voltage of up to ±1 volt at the sampling head 
input. Also, accurate slideback amplitude measurements 
of the applied signal can be obtained by positioning the 
display at various points and measuring the amount of 
voltage change at the OFFSET OUT monitor jack. 
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Source resistance for the voltage at the OFFSET OUT 
monitor jack is 10 ki2; therefore, meter loading may be a 
factor if other than an infinite-impedance meter is used. 
The accuracy of the DC offset voltage measurement 
depends on the accuracy and the loading effect of the 
measuring device. The following measuring devices are 
recommended, in order of preference, for monitoring 
voltage at the OFFSET jacks. 

(1) Differential, non-loading DC voltmeter accurate within 

0.2% or better. This type of device provides absolute 
offset voltage measurements accurate within 2%. 
Measurements of small changes in offset voltage can 
be made more accurately than 2%. 

(2) Vacuum-tube voltmeter with an input impedance of at 
least 10 megohms Accuracy of the VTVM should be as 
high as practical. 

(3) Zero-center ±1 mA milliammeter with as high an 
accuracy as practical. The milliammeter should be 
connected directly between the OFF-SET OUT monitor 
jack and ground. When using a milliammeter, 1 
milliampere is equivalent to 1 volt of the actual offset 
voltage. The loading effect is within 2% -i- the error 
percentage determined by: 100 (Rmeter/10000). 

Slideback Measurement Procedure. To measure the 
voltage difference between two points on a waveform (such 
as peak or peak-to-peak volts), proceed as follows: 

1 . Set the DC OFFSET control to about midrange. 

2. Apply the signal to be measured to the sampling head 
input. Adjust for a stable display with about 7 divisions of 
vertical deflection between the two points of the signal to be 
measured. 

3. With the DC OFFSET controls move one of the 
points to be measured to the center line of the graticule and 
measure the voltage at the OFFSET OUT monitor jack. 
Use one of the measuring devices mentioned previously. 

4. With the DC OFFSET control, move the display so 
the other point to be measured is aligned with the centerline 
of the graticule and again measure the voltage at the 
OFFSET OUT monitor jack. 

5. Find the difference between the voltage measured in 
step 3 and the voltage measured in step 4, and divide by 
10 . 



The result is the voltage difference, in volts, between the 
two points on the waveform. This voltage tolerance is 
±2% of the input signal plus the tolerance and loading 
effect of the measuring device. 

Use of Smoothing 

Random process sampling does not generally permit 
the use of smoothing. This process requires unity loop 
gain to construct a coherent display from the samples 
taken at random. When using random process sampling, 
operate the 7S1 1 with the NORMAL switch pushed in, and 
adjust the DOT RESPONSE control to unity loop gain. 

Normal process sampling does permit the use of 
smoothing. Time and amplitude noise may sometimes be 
objectionable when operating at minimum deflection 
factors or maximum sweep rates. For Smoothing operate 
the 7S11 with the SMOOTFI switch pushed in. 

This will reduce the random noise by about one half 
by decre asing the gain of the sampling feedback loop. 

I Fig. 2-71 shows the advantage of using smoothing when 
observing a low-amplitude signal. 

Dot Density. Normally the risetime of the display will 
not be significantly affected in smoothed operation if the 
dot density is sufficient If, however, the display waveform 
shape is affected when the SMOOTH switch is pushed in, 
a compr omise mu st be made between smoothing and dot 
density. FFia. 2-T C illustrates the effect produced when 
the dot density is low with smoothed operation. This 
effect can be compared to t he high d ot density of the 
same input signal as shown in IFiq. 2-TB . 

"False" Displays 

Because sampling displays only a fraction of any one 
cycle of a repetitive signal, it is sometimes possible to 
obtain a false equivalent-time display of the signal. The 
incorrect equivalent-time display occurs when the 
sampling rate is an exact multiple of the signal rate. Each 
sample vertical position represents the correct signal 
amplitude, but an incorrect number of samples is taken, 
causing the false equivalent-time display. 

False equivalent-time displays can be detected by 
changing the sampling sweep unit Scan control; i.e., 
changing the dot density. Occasionally such a false 
equivalent-time display occurs when the sampling sweep 
unit triggering circuit is adjusted to free run, and at the 
same time the triggering signal amplitude synchronizes it 
falsely. Any time the display equivalent time changes 
when changing the dot density, alter the Time/Div switch 
to obtain a display with an 
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equivalent time that does not change with dot density 
change. Usually the sweep rate should be increased 
(turn the Time/Div control clockwise), but some false 
displays can be obtained when the signal repetition rate 
is slower than can be shown by equivalent-time normal 
process sampling. 




Fig. 2-7. Use of NORMAL/SMOOTH switch in sequentiai 
process sampiing for decreasing dispiay noise 
when viewing a iow ampiitude 
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When that occurs, the display can usually be corrected 
by changing to real-time sampling. I Fig. 2-81 gives an 
example of a false and a correct display for two sweep 
rates when the signal is a 500 MFIz sine wave. 

Time Domain Refiectometry (TDR) 

The 7S11 with the Type S-1 Sampling Head can be 
used for Time Domain Refiectometry displays. TDR 
using the Type 284 Pulse Generator is described in the 
Type 284 Instruction Manual. Very fast displays, and 
special TDR analysis of small reactances is possible 
with the Type S-4 and the Type S-50. See the Type 1S2 
Instruction Manual for information about such fast 
displays. 

Pen Recorder Operation 

The signal available at the Vert Sig Out jack 
provides a convenient source for driving the Y axis of a 
pen recorder. It is common practice to manually scan 
the CRT (with the 
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Fig. 2-8. Typicai faise and correct dispiays using a 
500 MFIz signai input 








sampling sweep plug-in controls) while driving the time 
axis of the recorder with the sweep output voltage. 
Another method for pen recording is to couple the 
scanning voltage of the recorder to the external sweep 
input connector of the sweep unit. Be sure the sweep 
voltage from the recorder agrees with the limits of the 
input to the sampling sweep plug-in. The source 
resistance of the output jack is 10 ki2. This impedance 
must be considered in the calibration of some types of 
pen recorder amplifiers. 

Use of a Sampling Head Extender Cable 

Two different sampling head extender cables are 
available for operating one or both sampling heads 
outside the7S11. One is three feet long (Tektronix Part 
No.01 2-01 24-00), and the other six feet long (Tektronix 
Part No. 012-0125-00). Contact your Tektronix Field 
Engineer or Representative for price and availability 
information. 

Sampling heads can be operated on either length 
extender cable without compromising system step 
function response. Loop gain adjustment range may be 
lost with long extender cables so special calibration of the 
7S1 1 loop gain and memo ry gate width controls is 
necessary. See l Section 6.1 Also, the extender cable 
signal delay must be considered in allowing proper 
pretrigger leadtime for normal process sampling. As 
compared to operating the sampling head in-side the 
7S1 1 use of a three foot cable adds about 5 ns to the 
required pretrigger leadtime; use of the six foot ex- tender 
cable adds about 10 ns. To illustrate the above, assume 
the following conditions: 7T11 Sequential operation; Type 
S-1 or S-2 Sampling Head on 3-foot extender cable from 
the 7S11; and external trigger 500 coupling coaxial cable 
with 5 ns signal delay. With these conditions, minimum 
trigger leadtime for a fast step display is 73 ns. 

The time coincidence of two 7S1 1 displays is 
maintained when one sampling head is installed and the 
other is on a six foot extender cable by using a DELAY 
control. 

The first time a sampling head is operated on an 
extender cable, its Bridge Bal control may need 
adjustment, particularly if DC Offset measurements are to 
be made accurately referenced to ground. The sampling 
head instruction manual describes Bridge Bal 
adjustments. Readjustment of the control may be 
required when the sampling head is again installed directly 
into the 7S 1 1 . 

Input Connectors 

The type of sampling head installed in the 7S11 
determines the input impedance. Type S-1 and S-2 
sampling heads are both 50 Q. input. 50 fl coaxial cables 
may be used for applying input signals with minimum 
signal low or distortion. 
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NOTE 

Operating the sampling head without the input 
connector terminated by the 50 Q. resistor or 
coaxial cable will cause a vertical shift of the 
zero signal baseline by a few millivolts, his is 
because the strobe kickout signal is reflected 
from the open input connector. It arrives back at 
the sampling bridge during sampling time, while 
the bridge is still conducting. Set the display 
zero reference point with the input circuit 
connected, not before connecting it Also use at 
least a 20 cm airline between the sampling 
head input and a fast generator or circuit that is 
sensitive to the fast strobe kickout signal. 

When connecting a signal to the input, many factors 
must be taken into consideration, including loading of the 
source, losses in coaxial cables, time delay, AC or DC 
coupling, attenuation of large signals and matching 
impedances at high frequencies 

Coaxial Cables 

Signal cables that connect the vertical signal from 
the source to a 50 n input connector should have a 
characteristic impedance of 50 ohms. Impedance ohms 
Impedance 50 ohms will cause reflections that mav 
make it difficult to interpret the display. High-quality low- 
loss coaxial cables should be used, especially with high 
speed sampling heads such as Type 5-2 and Type S-4, 
to ensure that all the information obtained at the source 
will be delivered to the input. If it is necessary to use 
cables with characteristic impedance other than 50 
ohms, suitable impedance-matching devices will aid in 
obtaining meaningful displays. 

The characteristic impedance, velocity o1 
propagation and nature of signal losses in a coaxial 
cable are determined by the physical and electrical 
characteristics of the cable. Common coaxial cables, 
such as RG-213/U, have losses caused by energy 
dissipation in the dielectric proportional to the signal 
frequency. Some small diameter cables (1/8 inch) lose 
much of the high-frequency Information of a fast-rise 
pulse in a very few feet of cable, while the 3 mm is 
excellent for low losses. 

Losses of high frequency information can be shown 
with a fast rise pulse generator and sampling system. 
Using a 5-ns-delay RG-58A/U co axial cabl e as a 
connecting cable, a display similar to IFig. 2-9A can be 
shown. Adding an additional 10 ns-delay RG-58A/U 
coaxial ca ble in the signal path results in a display similar 
to that of IFig. 2-9B . By using larger diameter, higher 
quality cable such as RG-213/U (or 3 mm) in the same 
system, less loss is shown with the same length o1 
connecting cable. Tektronix 7M 11 Dual Delay-Line is 
high quality, low loss cable with dual 50 75 ns delav 

lines. 
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Attenuating the input Signai 

The maximum signal amplitude that should be 
applied to the input connector of the sampling head 
will depend upon the sampling head installed in the 
7S11. To attenuate the signals to 50 Q. input 
sampling heads, use an attenuator probe and/or 
external coaxial attenuators. The attenuators must 
have good frequency response beyond the frequency 
response of the sampling head to avoid reducing 
system performance. High quality coaxial attenuators 
are available through your Tektronix Field Office or 
Representative with attenuation factors such as 10X, 
5X and 2X. When the attenuators are stacked, their 
attenuation factors multiply; i.e., two 10X attenuators 
produce 100X attenuation. The 50 Q. attenuators 
must be matched to 50 Q. input and output 
impedances to provide their stated attenuation factor. 




To divide a signal into two equal parts, and maintain a 
good 50 Q. impedance match, use a power divider such as 
GR 874 TPD Tektronix Part No. 017-0082-00. The loss 
between any two of the power divider connectors is 6 dB 
(half voltage) when each connector has a 50 circuit 
connected. 

Passive Probes. The Tektronix P6034 10X Probe and 
the P6035 100X Probe are moderate-resistance passive 
probes designed for use with 50-ohm systems. They are 
small in size permitting measurements to be made in 
miniaturized circuitry. Power rating is 0.5 watt up to a 
frequency of 500 MHz. Momentary voltage peaks up to 500 
volts can be permitted at low frequencies, but voltage 
derating is required at higher frequencies. Characteristic 
data is given in the probe instruction manuals. 

The P6034 10X Probe places 500 ohms resistance and 
less than 0.8 pF capacitance in parallel with the signal 
source at low frequencies. The probe bandwidth is DC to 
approximately 3.5 GHz, and risetime is 100 picoseconds or 
less (10% or 90%). At 1 GHz the input resistance is about 
300 ohms and the capacitive reactance is about 400 ohms. 

The P6035 1 0OX Probe places 5 Q. resistance and less 
than 0.7 pF capacitance in parallel with the signal source at 
low frequencies. Bandwidth of the probe is DC to 
approximately 1.5 GHz, and risetime is 200 picoseconds or 
less (10% to 90%). At 1 GHz the input resistance is about 2 
ki2 and the capacitive reactance is about 450 ohms. 

Built-in Probes. Another satisfactory method of 
coupling fractional nanosecond signals from within a circuit 
is to design the circuit with a built-in 50-ohm output terminal. 
With this built-in probe, the circuit can be monitored with-out 
being disturbed. When the circuit is not being tested, a 50- 
ohm terminating resistor can be substituted for the test 
cable. If it is not convenient to build in a permanent 50-ohm 
test point, an external coupling circuit, which may be 
considered a probe, can be attached to the circuit. 

Several factors must be considered when constructing 
such a built-in signal probe. A probe designed to transfer 
energy from a source to a load, with controlled fidelity and 
attenuation. Both internal and external characteristics affect 
its operation. It must be able to carry a given energy level, 
be mechanically adaptable to the measured circuit, and be 
equally responsive to all frequencies within the limits of the 
system. The probe must not load the circuit significantly or 
the display may not present a true representation of the 
circuit operation. Loading may even disrupt the operation of 
the circuit. When it is necessary to AC-couple the probe, 
the capacitor should be placed between the series 
attenuator resistance and the 50-ohm probe cable to 
minimize differences between the input 



Fig. 2-9. Coaxial cables in a fast-rise system. 
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Fig. 2-10. Built-in probes for coupling to a test circuit. 
(A) Parallel method ;(B) series method; (C) reverse- 
terminated parallel method. 



characteristics with and without the capacitor, in a 50- 
ohm environment, stray capacitance to ground has a 
shorter and more uniform time constant than if the 
capacitor were piaced at the signai source where the 
impedance is usuaiiy higher and sometimes of unknown 
vaiue. 



i Fig. 2-1 d A shows the paraiiei method of coupiing to a 
circuit under test. Resistor Rg is connected in series with 
the 50-ohm input cabie to the sampiing unit, piacing Rj h- 
50 ohms across the impedance in the circuit. This 
method usuaiiy requires the use of an ampiitude 
correction factor, in order to avoid overioading the circuit, 
the totai resistance of Rs h- 50 ohms shouid not be iess 
than 5 times the impedance of the device (Rl in paraiiei 
with Zo) requiring a 20% correction The physicai position 
of Rs wiii affect the fideiity of the coupiing. 



I Fig. 2-1 d B shows the series method of coupiing to a 
circuit. Resistor Rg pius the 50 ohm Sampiing Head input 
resistance repiaces the impedance of the circuit under 
test, if RL is 50 ohms simpiy substitute the 50-ohm test 
cabie without Rg. it is best to iocate Rg in the originai 
position of RL and to ground the coaxiai cabie where Rl 
was grounded. 



A variation of the paraiiei method i s the reverse- 
terminated network shown in Fig. 2-10^ This system 
may be used across any impedance up to about 200 
ohms. At higher source impedances, circuit ioading wouid 
require more than 20% correction. The two 100-ohm 
resistors across the cabie input serve to reverse-terminate 
any smaii refiections due to connectors, attenuators, etc. 
The series capacitor, which optionai, biocks any DC 
component and protects the resistors. 



2-14 




SECTION 3 

BASIC SAMPLING PRINCIPLES 



7S11 



Change information, if any, affecting this section wiii be found at the rear of the manuai 

Introduction 

the input of the sampling oscilloscope vertical channel 
This section provides a basic functional description of requires a more sophisticated technique than lower 

the vertical channels of sampling oscilloscopes. A bandpass systems. In spite of its limitations, sampling 

discussion of equivalent-time sampling process is can measure fast signals that otherwise defy 

included. Operating instructio ns, including first time observation, 

operation, are given in lSection'^ 



BASIC SAMPLING TECHNIQUES 

The current state of the electronic art does not permit 
direct cathode-ray tube display of fractional-nanosecond 
risetime low-level signals. Risetimes in the order of 0.35 
ns can be displayed on a CRT if the signal is at least 
several volts in amplitude. 



An inherent limitation in linear amplifiers is the 
compromise necessary between bandpass and gain. A 
high gain amplifier is a low bandpass amplifier; and 
conversely, wide-band amplifiers are necessarily low gain 
amplifiers For any particular configuration, gain times 
bandpass is nearly a constant, so anything done to 
increase the gain will proportionately reduce the bandpass 
and vice versa. The gain-bandpass product limitation of 
linear amplifiers restricts the display of millivolt signals on 
a CRT to the 50 to 200 MFIz region. 



The sampling technique permits the quantitative 
display (on a CRT) of a facsimile of fractional-nanosecond 
rise-time low-level signals. In sampling, many cycles of 
an input signal are translated into one cycle of low- 
frequency information. The change takes place at the 
input of the sampling bridge or traveling wave sampling 
gate. Since only the sampling bridge is subjected to the 
input signal high frequencies, and all the amplification 
takes place at relatively low frequencies, the performance 
of a sampling system is not dependent on the gain- 
bandpass limitations of conventional amplifiers. 



However, the sampling technique introduces some 
limitations of its own. The sampling process being 
described is restricted to repetitive signals of low 
amplitude (typically 1 or 2 volts peak to peak), from low 
impedance sources. Fortunately, most fractional- 
nanosecond risetime signals exist in low impedance 
environments and are generally low amplitude. Piping the 
signal from the circuit under test to 
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A sampling system looks at the instantaneous 
amplitude of a signal during a specific small time period, 
remembers the amplitude, and displays a single dot on 
the CRT corresponding to the amplitude. After a dot is 
displayed for a fixed amount of time, the system again 
looks at the instantaneous amplitude of a different cycle 
of the input signal. Each successive look, or sample, is 
at a slightly later time in relation to a fixed point of each 
signal cycle. Each sample is displayed as a spot on the 
CRT. Generally, the vertical position of the dot 
represents the equivalent time when the sample was 
taken. After many cycles of the input signal, the 
sampling system has reconstructed and displayed a 
single facsimile made up of many samples, each sample 
taken from a different cycle of the input signal. 



I Fig. 3-1 1 illustrates the equivalent time reconstruction 
of a repetitive square wave. The CRT display is a series 
of dots rather than the conventional oscilloscope 
continuous presentation. In the illustration, a series of 
samples is taken of the input signal. After each sample, 
when memory has been established and stabilized, the 
CRT is unblanked and a dot appears. A large number of 
such dots form the display. 

The number of dots per horizontal unit of display is 
called dot density. The dot density of a display is 
controlled by the operator to provide the best 
compromise between resolution and repetition rate of 
the display. Since only one sample is taken from any 
particular input cycle, the time required to reconstruct a 
display is a function of the dot density selected and the 
repetition rate of the signal. The higher the dot density 
selected (for higher resolution), the longer the time 
required to construct the equivalent time display. The 
higher the repetition rate of the signal, the less time 
required to reconstruct the waveform (limited by a 
maximum repetition rate of the system) 



Sampling requires repetitive input signals, though no 
necessarily signals with constant repetition rate. The 
equivalent time between dots is determined by the time 
delay between the fixed point on the signal at which 
triggering occurs, and the point at which the sample is 
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Fig. 3- 1 . Equivalent time display of repetitive real time signal by means of the sampling techniques. 



both time reference (triggering-time and sampie-time) 
are taken from the same cycie of the signai, the signai 
repetitions do not have to be identicai in ampiitude, 
time duration, and shape. Any differences in the 
individuai cycies show as noise or jitter in the 
reconstructed dispiay. 

Sampiing systems have maximum signai repetition 
rates at which sampies can be taken and accurateiy 
dispiayed. The primary iimit is the time required for the 
preamp and the AC ampiifier to stabiiize after a sampie 
has been taken. 

Signais beiow 100 kHz may have considerabie 
repetition rate jitter and stiii the sampiing osciiioscope 
wiii present a sampie of each cycie, without dispiay 
jitter. For signais with a repetition rate higher than 100 
kHz, the timing unit 



hoids off retriggering for a maximum of about 10 ps. 
This means that a sampie wiii not be taken from every 
cycie of a high repetition rate signai. Oniy those cycies 
are sampied which occur after the end of the hoidoff. If 
the signai is truiy repetitive and each cycie is identicai, 
these "missed" cycies are of iittie significance. 



The circuits in the verticai channei of a Tektronix 
sampiing osciiioscope comprise an error-sampied 
feedback system with ratchet memory. The memory 
output is not reset to zero after dispiaying a dot. The 
memory output remains at the dispiayed ampiitude of 
each dot in succession untii it is corrected by the next 
sampie. The ampiitude difference between the two 
sampies is then the error between the memory output 
and the new sampied ampiitude. 




Fig. 3-2. Simplified block diagram of an error-sampled feedback system with a ratchet memory. 
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I Fig. 3-2~^ hows a simplified block diagram of an error- 
sampled feedback system with ratchet memory. The output 
signal from the sampling bridge is the difference, or error, 
between the instantaneous amplitude of the signal at 
sample time and the previously memorized amplitude. A 
change is made to the memory output only when the 
instantaneous amplitude of the signal at sample time is 
different from the memory output. The memory output 
"ratchets" up or down at sample time as a result of the error 
signal sampled. The transition of memory from one output 
voltage to another occurs between displayed dots, and is 
therefore not seen on the CRT. 



The error-sampled ratchet-memory technique has the 
advantage of allowing displayed noise to be "smoothed". 
Smoothing is discussed later in this section. The error- 
sampled approach also minimizes signal kickout into the 
input cable by the sampling bridge interrogate pulse (here- 
after called "strobe" pulse). Since the sample is always the 
difference between the signal and the memory output, the 



error-signal and kickout are much smaller in amplitude than 
they would be if the memory output reverted to zero and the 
entire signal was sampled after each dot. 



The output from the sampling bridge at sampling time is 
about 2% of the difference between the signal voltage and 
the memory output. The 2% signal is the input to the first 
amplifier. The output of the amplifier is AC-coupled to a 
memory gate. The memory gate couples the signal to the 
memory amplifier during the time it is gated on. The 
memory amplifier changes the memory feedback voltage to 
equal the signal voltage at the instant of sampling. These 
changes in memory output occur while the CRT is blanked, 
and do not show up in the display. The memory output 
does not revert to zero, but remains at a fixed voltage until 
corrected by the next error signal. (The signal to the 
amplifier of a typical sampling system is only about 2% of 
the error signal sampled by the bridge. The percentage of 
response, or attenuation through the sampling bridge, is the 
sampling efficiency 




Fig. 3-3. Simplified representation of an error-sampled ratchet-memory waveform. 
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Fig. 3-4. Simplified diagram, showing how the strobe pulse cause the sampling bridge to conduct, 



At each sample time, the difference between the 
memory feedback and the 2% signal value is amplified 
and applied to the memory circuit via the memory gate, to 
cause the memory output to follow a rising signal in a 
series of steps as shown in IFio. 3-31 This figure shows 
the 

input signal and memory feedback voltages for six 
samples along the rise of a step waveform. 



At the time of sample 1 , the input signal and the feed- 
back voltage are equal. There is no error voltage, so the 
memory output is not changed. The CRT is blanked until 
the circuit stabilizes after the memory gate pulse ends. 



At the time of sample 2, the input signal is (for 
example) 0.1 volt. The memory output is 0. Assuming a 
sampling efficiency of 10%, the input of the amplifier 
receives 10% of the error signal, or 0.01 volt. The 0.01 
volt, times the gain of the amplifier (XI 0), corrects the 
memory output and feedback to equal the 0.1 volt signal 
at sample time. Again, the CRT is blanked during this 
change until the circuit is stabilized. 



At the time of sample 3, the difference between the 
input signal and the feedback is 0.35 volt. The amplifier 
input responds to 10% of 0.035 volt. The gain of the 
amplifier and memory changes the feedback 0.35 volt to the 
new value of 0.45 volt (equal to the signal at number three 
sampling time). The CRT is again blanked during this 
change until the circuit is stabilized. 



Effective Sampling Time 

The minimum risetime a sampling system can display is 
controlled by the time interval during which the strobe pulse 
applies forward bias to the sampling bridge diodes The 
duration of the bridge forward bias is controlled by the time 
the strobe pulse exceeds a fixed reverse bias. Special 
circuitry is used to make the strobe duration as short as 
possible consistent with noise and diode recovery time. 
The strobe pulse is generated by a snap-off diode and a 
short section of shorted transmission line called a clipping 
line. The effective bridge conduction time is adjusted 
primarily by controlling the amplitude and duration of the 
strobe pulse, thus controlling the time during which the 
strobe 
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Fig. 3-5. error-signal source and path to 
Pream shown by dottediines. DIEL denotes 
dielectric other than air 

Pulse exceeds the reverse bias. Adjusting the 
reverse bias is a secondary mea ns of contr olling the 
sampling bridge conducting time. I Fig. 3-4I shows how 
the strobe pulse breaks through the reverse as on 
the sampling bridge. The reverse bias is shown by 
dashed lines through the strobe pulses. 

Traveling Wave Sampling Gate 

The sampling system may use a traveling wave gate 
instead of the sampling bridge as the input staqe j Fiq| 

1 3-5 1 shows a simplified schematic of the wave 
sampling gate. The input signal is connected to the 
Preamplifier only during the time a sample is taken. 
The six diodes form the traveling wave gate. 

Step response is determined by the travel time of 
the strobe drive pulse end through part of the 
sampling gate. In a sampling bridge, the step 
response is determined by the strobe pulse width. 

Part of the input signal is stored temporarily between 
sampling gate diodes at the strobe pulse end; athen 
it is fed to the Preamplifier at a slower rate than the 
step response traveling wave sampling gate to 
minimize reflections of fast pulse signals. The 
environment of following circuitry passes only 
moderate rate-of — rise signals. 



Dot Response (Loop Gain) 

dot response is the ability of the system to reduce 
the error voltage to zero after each sample. When the 
gain of the memory feedback loop is equal to (and 
compensates for) the attenuaton across the sampling 
bridge, the loop gain is unity or 1 . In this case, the 
memory feedback voltage equals the value of sampling 
time signal voltage. 

If a the loop gain is less than unity, the memory 
output signal and feedback to the first amplifier is less 
than necessary to reduce the error voltage to zero. The 
memory out put and the feedback will then approach the 
signal asymptotically after several samples have been 
taken. The error voltage thus approaches zero (for a 
steady state signal) after several samples, a being 
reduced by the same factor after each SAMPLE. In the 
case of a loop gain of less than unity, the feedback 
voltage is effectively a moving average of several 
preceding samples. 

If the loop gain is greater than unity, the feedback 
voltage will be greater than the error signal after each 
sample. The displayed dot sequence of a step signal 
will then alternately overshoot and undershoot for a few 
samples. 

For least displayed waveform distortion, the loop 
gian must be unity, allowing the system to track the input 
signal as closely as possible. 

Smoothing 

A loop gain of less than unity can be useful, if the 
resulting compromise is understood and the system is 
operated properly, random moise in the display is 
reduced when loop gain is less than unity, since several 
consecutive samples are averaged. The averaging may 
also slow down the fastest display risetime capability, 
depending upon the number of dots contained in the 
step transition and or the loop gain. By increasing the 
number of dots in a step transition, the display will follow 
the actual ste p transition more closely. 

I Fiq. 3-6 [ shows the usual effects on a step display 
when smoothing is used for two different sampling 
densities (sampling density or dot density is the number 
of samples or dots per horizontal division). In the 7S11 
the operational choice of loop gain is either 1.0 
(NORMAL) OR 0.3 (SMOOTH) AND THE UNITY LOOP 
GAIN (NORMA LDISPLAYS. 

In IFiq 3-6B the sampling density is increased, 
showing a difference of one sample in the SMOOTH and 
NORMAL positions between the 10% and 90% points of 
the step transition. 
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When the smoothed mode has a loop gain of 0.3, as 
in the 7S11, 15 or more samples between the 10% and 
90% points of a risetime will result in the smoothed and 
unsmoothed displays having essentially the same 
risetime. When the smoothed display contains 12 
samples between the 10% and 90% point, the smoothed 
risetime will be about 6% longer than for the 
unsmoothed display. As the number of samples 
contained in the risetime is reduced below 12, the 
difference between smoothed and unsmoothed display 
increase rapidly. 

Smoothing of Random Noise 

When the loop gain is reduced to 0.3, the displayed dots 
represent the average of several consecutive samples. 
Noise of a random nature will be materially reduced in 
the display at the possible expense of introducing an 
error in the displayed risetime. 



Therefore, if random noise is apparent, reducing the 
loop gain may improve the display. Note that this is only 
true for random noise. Systematic noise (noise with its 
repetition rate harmonically related to the signal is 
treated as part of the signal. 

The 7S1 1 has a loop gain control labeled NORMAL- 
SMOOTH. In the SMOOTH mode loop gain is reduced 
to 0.3 Always check that there is sufficient sampling 
density to warrant smoothing. This can be done by 
changing the dots. division, (or samples/division) control 
on the timing unit, and observing the effect of sampling 
density on the displayed risetime. 

Smoothing cannot be applied where the full 
amplitude of each sample is required. When using the 
random sampling sweep unit like the 7T1 1 , each sample 
requires unity 
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loop gain. The display dots are not presented in time 
sequence, and therefore cannot be averaged. 

Tangential Noise 

Traditionally the amplitude of random noise in an 
amplifier is qualified by stating the equivalent RMS value 
of the noise referred to the input of the amplifier. In the 
case of a CRT sampling display, qualifying the noise 
amplitude by stating its RMS value is somewhat 
unsatisfactory. The visible effect of the random noise is 
more nearly 3 times the RMS value of the noise. Peak- 
to-peak limits of truly random noise would have to be 
stated as - infinity to + infinity. Obviously these broad 
limits would reveal nothing about the amount of 
significant noise to expect in a display. It has been 
determined empirically that 90% of the dispersion 
caused by random noise closely approximates the visible 
widening of the trace. The noise can be described as 
existing between two horizontal tangents representing 
the significant upper and lower limits of the trace width. 
Hence, the term TANGENTIAL NOISE. Tangential noise 
is defined as an equivalent peak-to-peak voltage at the 
input of a sampling system that will cause the same trace 
widening as 90% of the random noise. 5% of the dots 
can be expected to fall above the trace width and 5% 
below it. This method of stating the noise figure of a 
sampling system is considered to be more meaningful 
than the RMS value, in that it more closely approximates 
the actual observed trace widening. Measurement of 
tangential noise is described in the Sampling Head 
instruction manual. 

Display Sensitivity-Deflection Factor 

The two terms “display sensitivity” and “deflection factor” 
are often mistakenly interchanged. Deflection factor is 
defined as the ratio of the input signal amplitude to the 
resultant displacement of the indicating spot. When the 
oscilloscope vertical gain control is calibrated in volts per 
division, it is indicating deflection factor. Deflection 
sensitivity is the reciprocal of deflection factor. 
Sensitivity is indicated by a vertical gain control 
calibrated in divisions per volt. 

There is ways some point within the oscilloscope vertical 
amplifier after which the signal remains at a fixed 
deflection factor. The signal out of the vertical memory 
amplifier of a sampling oscilloscope is usually the first 
point at which the standard vertical deflection signal 
exists. Thus, the memory and feedback voltages 
previously mentioned always deflect the CRT spot 
vertically with a fixed deflection factor. 

I Fig. 3-7A shows a simplified block diagram of a sampling 
bridge and amplifier combination where the gain of the 
amplifier just compensates for the attenuation of the 
sampling bridge. I rt Fig. 3-TB the amplifier has twice as 
much gain as is necessary to compensate for the low 
sampling efficiency. By introducing a 2:1 attenuaor in the 
feedback 



path between the memory output and the bridge 
output, the dot response is still maintained at unity. 
Now, only half as much input sign al produces the 
same memory output assiqi l Fig. 3-7A . 

I Fig. 3-7 1 shows two fixed attenuators in each 
example. The usual method of changing amplifier and 
memory gain in a sampling unit is to attenuate the 
signal through (or to) it. The attenuator in series with 
the amplifier and memory is called the forward 
attenuator, in contrast to the feedback attenuator. 

The attenuators in i Fio. 3-7l and l Fio. 3-81 show that 
both the "forward gain" and the "feedback attenuator" a 
related when changing a sampling system vertical 
deflection factor. 

The system deflection factor can be altered two 
ways: (1) by changing both the forward and the 
feedback attenuation and thereby maintaining the 
same loop gain, and (2)by changing only the feedback 
attenuation, at the expense of varying the loop gain. If 
loop gain is not greater than unity, and many samples 
are included in a signal transition, the memory 
feedback to the sampling bridge always approaches 
the signal amplitude regardless of the forward 
attenuator attenuation ratio. 

Since loop gain is determined by the combined 
forward and feedback attenuation ratios, the dot 
response can belated without altering the deflection 
factor by changing he forward attenuation only. 
Increasing the forward attenuation ratio (decreasing 
the amplifier and memory gain)"smoothes" the display 
by making the loop gain less than unity. 

DC Offset 

Since the sampling bridge can be operated over a 
range of +2 to -2 volts of input signal, and the system 
has resolution capability of 2 mV/div, it is 
advantageous to be able to display a small vertical 
"window" of the input signal. I Fig. 3-8l shows the 
method of adding a DC offset voltage to the memory 
feedback. The error signal produced at sampling time 
is no longer referenced to ground. Instead, it is refer- 
enced to the DC offset voltage. 

A DC Offset voltage is recognized as a signal by the 
sampling bridge, which adds it algebraically to the error 
signal. Therefore, the memory feedback signal in a 
system with DC Offset includes a DC value to cancel 
the DC Offset voltage at the output side of the 
sampling bridge. The deflection factor of a system 
with DC Offset is center ground the DC Offset voltage 
instead of ground. This per-mits portions of the signal 
(other than ground) to be posi-ioned to the CRT center, 
without altering the deflection 
factor. 
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Fig. 3-7. Method of decreasing the verticai defiection factor white maintaining unity ioop gain.. 



Real-Time Sampling 

Real-time sampling is a method of operation in 
which the samples are taken at a constant rate 
from relatively low frequency signals (DC to 20 kHz 
approximately) and displayed at a sweep rate 
determined by the Time/Div switch on the time- 
base unit. Thus, the samples are taken 
continuously along the input signal rather than 
taking one samplefrom each cycle of the signal. 
The displayed series of dot follows the actual shape 
of the input signal waveform. 

In real-time sampling operation, the vertical signal 
provides the trigger to start the sweep. The display, 
however, is composed of samples at a fixed 
repetition rate, not necessarily related to the input 
frequency. 



Sweep Rates 

this range of sweep rates available for use real 
time sampling is from the slowest rate provided by the 
real time sweep unit to about 0.1 ms/div. At this sweep 
rate, the usual 50 kHz sampling rate provides about 100 
samples/sweep. At faster sweep rates above 0.1 
ms/div, the display dots begin to have significant 
horizontal dimension due to their duration in real time, 
and interpretation f the display becomes difficult 

The characteristics of real-time sampling, in addition 
to slow sweeps at full bandwidth, are reduction of 
random noise in the display through smoothing, and DC 
offset capability matched with good overload recovery. 
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Fig. 3-8. Method of adding a DC Offset voitage t the memory feedback. 
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Introduction 

This section of the manuai contains a biock 
diagram description and a circuit description of the 
7S1 1 Sampiing Unit. The biock diagram description is 
an expansion of iSection"^ Basic Sampiing Principies. 
The circuit description foiiows the sequence of 
diagrams at the back of this manuai. 

BLOCK DIAGRAM 

Ref to l Fig 4-1 l and the compiete biock diagram at 
the back of th e manuai during the foiiowing description. 
Both ifio 4-1~b nd the compiete biock diagram inciude a 
simpiified biock of a typicai sampiing head. The 7S11 
Sampiing Unit functions as part of a sampiing system 
oniy when a sampiing head is instaiied, so a sampiing 
system oniy when a sampiing head is instaiied, so a 
sampiing head biock is inciuded. 

Feedback Loop and Pulse amplifier Chain 

I Fig 4-1 1 reiates to I fig. 3-4 1 and I Fig 3-8 1 The 
reconstructed signai out of the Memory biock ifFio 4-11 
is the first point in the 7S11 at which the ampiitude is 
aiways a standard vaiue of 0.5 voit per CRT verticai 
division. There is no signai between the sampiing 
head output and the Memory input when the sampiing 
head input signai just after each sampie is taken. 
Signais through the ampiifier chain are greatest in 
ampiitude when the sampied signai is at its fuii 
ampiitude difference from the iast sampie. This is 
caiied the error signai. 

To compiete the association i Fio 4-1i with ISectioril 
[3] the foiiowing describes the operating cycie: 

a. The sampiing head bridge appiies an error signai 
to the head preamp whenever there is a voitage 
difference at the bridge input and output terminais at 
sampiing time. The error-signai voitage ampiitude is 
just a few per cent of the difference (sampiing 
efficiency), and the puise duration out of the bridge is 
equai to the bridge conduction time. A smaii storage 
capacitance at the head Preamp input time-stretches 
the puise so the puise chain can ampiify the error 
signai puises at moderate rates of rise. 

b. The time stretched puise is ampiified by the 7S1 1 
Post Ampiifier and sent forward into the attenuating 
network made up the NORMAN/SMOOTFi switch. 



the DOT RESPONSE Controi and the forward 
Attenuator portion of the Units/Div switch. 

c. The AC Ampiifier again ampiifies the puise and 
appiies it to the Memory circuit during conduction 
time of the Memory Gate, in effect the error 
signai charge appiied to the head Preamp is then 
transferred to the feedback capacitor of the 
Memory circuit. 

d. The Memory circuit appiies its error signai 
corrected output voitage to both the verticai 
ampiifier and the feedback attenuator and 
sampiing head bridge output terminai. Controi of 
the input defiection factor by the forward and 
feeback A ttenuators is describe near the end of 
I Section 3l The DOT RESPONSE controi is aiso 
described in i Section 31 

Vertical Output Ampifier 

The INVERT/-I-UP switch and the Verticai 
Output Ampiifier drive the osciiioscope verticai 
ampiifier stage 

Sweep Unit Drive 

Drive from the timing unit is appiied to the 
sampiing head avaianche and snap-off and the 
Memory gate Driver. The timing unit controis the 
free running osciiiator used in the 7S11 

Sampling Operation. The 7S1 1 is a singie- 
channei sampiing unit when used with a 7T11 or 
other sampiing sweep unit in a 7000-series 
osciiioscope. 

For duai-channei operation, another 7S11 
must be instaiied in the adjacent verticai 
compartment of the osciiioscope. interconnection 
between the two 7S1 1 ’s and the sampiing sweep 
unit are made by connecting-shoes on the piug- 
ins. These interconnections combine the Trigger 
Logic circuits of the two 7s11’s into a bistabie 
muitivibrator, and compiete the other connections 
necessary to provide ampiification of internaiiy- 
generated triggers. For externai trigger operation, 
the sampiing sweep internai 
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Fig. 4-1. The 7S1 1 and sampling head feedback loop block diagram 



4-2 









Mode trigger amplifiers and the bitable multivibrator are 
disabled. 

Non-Sampling Operation. When the 7S11 is used for 
dual-channel real time operation in company with a non 
sampling time base unit, no sampling drive pulse is 
available, nor is a ground provided for the Real Time 
Oscillator and Trigger Logic multivibrator. The Real 
Time Oscillator will oscillate at the specified frequency 
and drive the Memory Gate Driver and the CRT blanking 
circuit Internal trigger is obtained from the Real Time 
Trigger block. The operational differences between the 
two types of time bases are explained in the Operating 
Instructions, Section 
Readout Logic 

The Readout logic in the 7S11 provides the necessary 
time-slot current to operate the Scale Factor readout on 
the indicator oscilloscope. Currents supplied from the 
7SII control the display of decimal magnitude, 
Normal/Invert, Normal/Uncal, 1-2-5 Scaling and the 
symbols m. A, V and 1. The indicator oscilloscope 
manual includes the details of Scale Factor Readout 
operation. 

CIRCUIT DESCRIPTION 

The following c ircuit descr iption follows the sequence of 
the diagrams in lSection'91 

Trigger Logic 

The Trigger Logic circuit (see Post Amplifier and 
Attenuators circuit diagram) consists of 0108, Q113, 
Q1 16 and associated components. The circuit sets the 
level for for-ward bias of the timing unit trigger amplifier 
so that the trigger is passed from the sampling head to 
the timing unitfsee TFig. 4-2A T The Internal setting of the 
timing unit trigger switch grounds the base of Q113 
through R 109, and the collector of Q108 through R108- 
R109. Q108 is reverse biased by current through R102 
and CR1 08 to clamp the base at h- 1 5.6 volts. CR1 1 3 is 
off and 0113 is forward biased by the current through R 
11 and R109. Conduction causes 0113 collector to be 
more positive than the cathode of CR116 so that both 
CR116 and CR115 are off. CR116 supplies current to 
the lamp, DS116, indicating that this 7S11 is supplying 
the internal trigger to the timing unit. R1 1 5 sets the base 
current for Q116. 

Setting the trigger switch in the timing unit to EXT 
removes the ground from R109, which turns of CR113 
and clamps Q113 base at 5.6 volts, a reverse bias. 
Q108 remains at reverse bias as with Internal trigger 
operation. CR115 clamps Q116 base at -0.6 volt sot 
Q1 1 6 is off and the INT TRIG lamp is off. CR1 1 6 is on 
reverse biasing the timing unit transistor, so no trigger 
signal from the sampling head can trigger the timing 
unit. Two 7S1 1 units operated to gether wil l complete the 
bi-stable multivibrator shown in Fig. 4-2BI Selection of 
the desired 7S11 as the Internal trigger source is done 
through the turning off of Q1 08 in that unit. 
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The Internal setting of the trigger switch in the timing unit 
provides ground to both halves of the bistable 
multivibrator. Pushing the INT TRIG switch momentarily 
places a positive trigger on 0108(in the desired 7S11), 
puts reverse bias between base and emitter, and turns on 
CR108, which clamps Q108 base at-n15.6 volts. The 
positive trigger is applied to Q108 collector in the second 
7S11, which turns that Q108 on, adding current through 
R109 to the current through R111 andR109 to clamp 
Q113 base at h- 5.6 volts through CR113. Operation of the 
Off 751 1 is the same as discussed for External trigger 
operation with a single 7S11. The On 7S11 operates 
similar to a single 7S1 1 in Internal trigger operation. 

Switching the timing unit trigger switch to one of the 
EXT positions removes the ground from the R109 
common point. The R109 common point rises to h- 5.6 
volts, the clamped voltage at the bases of the 01 13’s, so 
the multivibrator remains in the state in which it was set. 
The multivibrator remains in the state in which it was set 
when the timing unit trigger mode is again placed at 
Internal unless the other 7S1 1 INT TRIG button is pushed. 
Post Amplifier and Attenuators 

Post Amplifier and Attenuators 

The Post Amplifier and Attenuators diagram includes 
the Post Amplifier, Forward and Feedback attenuators, 
DC Offset, and the Trigger Logic. 

The Post Amplifier is a two-stage non-inverting 
operational amplifier with AC coupled complementary 
emitter followers between the second stage and the 
output. The input impedance is 90.9 A, which properly 
terminates the coaxial cable feed from the sampling head. 
Output impedance is very low to provide signal current to 
the 500 OForward Attenuator. Total AC gain is 
approximately 12, producing a 2.4 volt output signal for a 
0.2 volt input signal. DC gain is essentially unity and 
feedback keeps the amplifier within its proper dynamic 
range. 

0123 and 0128 are the amplifier transistors, and 
0133 and 0136 are the output emitter followers. 0133 
ensure low output impedance for positive output signals, 
and 0136 ensures low output impedance for negative 
outputsignals. Each emitter follower has a resistor in the 
collector for parasitic oscillation suppression. Cl 34 
permits the output emitters to be at different DC voltages 
and ensures that the emitter of the non-driving transistor 
follows the output voltage. 

Output of the Post Amplifier is AC coupled to the 
NORMAL/SMOOTH switch, DOT RESPONSE control and 
the Forward Attenuator (part of the Units/Div switch). 
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Fig. 4-2. Trigger Logic circuit 



the Forward Attenuation Network consists of the 
NORMAL/SMOOTH switch, the DOT RESPONSE 
controi, and the Forward Attenuator portion of the 
Units/Div switch 

Pushing the SMOOTFI switch introduces 
R141 in series with the Post Ampiifier output 
signai. reducing the ioop gain to 0.3 or iess 
compared to ioop gain in the NORMAL setting. 
R142 maintains a constant 500 0 ioad on the out- 
put stage for time constant and ampiitude 
considerations. 



The Forward Attenuator, made up of resistors R145A 
through R145G, presents a constant 500 Q. ioad to the 
driving side. The input resistance to the AC Ampiifier is 
changed by the forward attenuator from 1 ki2 to 100 ki2 in 
seven steps. Six of the seven resistors are aiways in 
paraiiei connection to ground, with the seventh in series 
with the signai to the AC Ampiifier input. Signai puise 
ampiitude across the forward attenuator input resistance 
(500i2 to ground) does not change when the Units/Div 
switch position is changed. Attenuation occurs because 
of a changing current drive into the iow impedance of the 
operationai AC 
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Fig. 4-3. Forward attenuation network, showing that the output resistor of the Units./Div forward 
Attenuator is actuaiiy the Ampiifier input resistor. 

Amplifier jFig 4-3 [ shows the full forward attenuator net loop gain Is not altered throughout the Units. DIv 
work and Identifies the AC Amplifier Input terminal switch range). 



The AC Amplifier gain Is controlled by the ratio of 
feedback resistor R209 to the value of the series 
element of R145. The gain changes from 15 at 2 
units/div to 0.15 at 200 units/div. 

The Forward Attenuator portion of the UnIts/DIv 
switch Is ganged with the Feedback Attenuator portion. 
The result Is that changing the UnIts/DIv switch does 
not change the dot response (or loop gain). Changing 
either the NORMAL/SMOOTHSWICH OR the DOT 
RESPONSE control changes the forward signal, and 
thus changes the loop gain. 

The Feedback Attenuator and the DC Offset are 
connected together within the sampling head where 
they are combined and applied to the Sampling Bridge 
output terminals output terminals. The Feedback 
Attenuator receives the Memory circuit output signal 
from a very low Impedance. The attenuator places one 
of seven resistors In series with the Memory output 
signal, and the other six resistors are paralleled to 
ground as slightly more than 20000. Maximum 
attenuation (at 2 Unlts/Dlv)allows 0.42% of the Memory 
signal to pass to the Sampling Bridge circuit. Minimum 
attenuation (at 200 UnIts/DIv) allows 0.42% 
of the Memory signal to pass to the Sampling Bridge 
circuit. Minimum attenuation (at 200 UnIts/DIv) allows 
42% Is corrected to exactlyO.40% and 40% by the 
parallel value of r147, R149 and the 53 kO to ground 
Inside the sampling head. (The forward Attenuator 
ratio or AC Amplifier gain ratio of 100:1, and the feed 
back attenuator ratio of 1 :1 00 ensure that the 



The DC Offset Circuit Is a single transistor 
emitter follower that converts the fairly high 
resistance of the Dc OFFSER control to a fairly low 
resistance at the emitter. Q1 63 emitter voltage follows 
the voltage of the arm of the DC OFFSET control, 
offset by-0.6 volt. 0163 output resistance, 
R1 65(19.1 kn) and 2000 of the Feedback 
Attenuator. Thus the DC OFFSET voltage at 0163 
emitter develops a fixed voltage across the Feedback 
Attenuator 2000 Q. regardless of the UnIts/DIv switch 
setting 

Memory 

The memory diagram Includes the AC Amplifier, 
the Memory Gate, and the Memory Amplifier. 

The AC Amplifier (whose gain Is described above 
with the Forward Attenuation Network) Is an Inverting 
operational amplifier with AC coupled complementary 
emitter followers at the output. 0204 Is the voltage 
amplifier, 0208 emitter follower adds current gain to 
0204 collector signal, and q212-0214 provide the 
very low output resistance. 

The amplifier Input Is AC coupled by C201 to 
permit the amplifier DC operating voltages to be 
Independent of the change made In Input resistance 
by the base voltage, the collector voltage changes 
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Fig. 4-4. Basic Memory Gate circuit between AC Ampiifier and Memory Ampiifier. 
(Detaiied biock of Memory diagram.) 



in the opposite direction and Q208 emitter drives current 
of the opposite poiarity through R209 back to the 0204 
base. The input and feedback signai currents are neariy 
equai, keeping the base voitage aimost constant. The 
output signai is coupied to the Memory gate by Q212, 
Q214, and R219 C219. R219 iimits the signai output 
current, ensuring that C219 does not receive a 
significant charge for output signais of high puise 
ampiitude. 

CR201 and CR206 provide protection when 
transistors are removed from their sockets. CR201 
conducts if Q208 is removed, and CR206 conducts if 
Q204 is removed. Parasitic suppressing resistors 
inciude R206,r207,R21 1 , R213and R214 

The Memory Gate is a speciai puise-driven diode 
gate that ensures a very high input resistance to the 
Memory except for about 0.15 to 0.20 us at the time of 
each sampie. During the conduction time, the Memory 
Gate is a iow impedance that aiiows the AC ampiifier to 
introduce a charge into the Memory. 

■ I Fig. 4-4| is a detaiied biock diagram of the circuits on 
the Memory diagram. The Memory Gate is represented 
by a resistor, a coii and a reiay switch. The resistor is 
the paraiiei vaiue of the four biasing resistors which 
ensure that the four gating diodes are normaiiy not 
conducting. This equivaient circuit shows tha tthe 
Memory input is zero voits when there is no error signai 
at sampie time. 

Looking from the Memory Gate output toward its 
input, the four gating diodes are normaiiy reverse biased 
by the 



voitage of Zener diode VR221 . (Two of the four 
diodes provide very high reverse biased ieakage 
resistance, aithough they don’t turn off very fast. 
The other two turn off fast at the end of the gating 
puise, aithough they don’t provide both sides of the 
memory gate diodes. 

The gate diodes are forward biased into 
conduction byT230 at the time of each sampie due 
to the drive puise from the Memory Gate Driver. 
T230 is a toroidai transformer speciaiiy wound to 
baiance capacitive and inductive coupiing to the two 
secondary windings The winding with oniy one end 
connected provides the capacitive baiance .The 
magnetic toroid core provides the inductive 
baiance. Thus, the drive puise is converted to 
identicai drive signai to ensure that the output 
junction of the four diodes accurateiy divides the 5 
voits of VR221-C221. This pieces the junction of 
CR237-CR239 at ground when no error signai is 
appiied from the AC Ampiifier. The functions of the 
two iimiting diodes CR224-CR226 and the Memory 
Gate are discussed in the Memory description next. 
R229, R231 and CR232 are shunt, damping ioads 
to T230 which minimize seif-inductance ringing 
when the memory gate drive puise ends. 

The Memory ampiifier is an integrating 
operationai ampiifier with speciai iow ieakage (high 
DC resistance) in-put circuit. The input and 
feedback components are capacitors, making the 
AC input impedance very iow. The internai high 
gain ensures a very iow output resistance; so that 
as 
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long as there is no change at the input, the output DC 
voltage remains stable. The input low leakage circuit 
has no DC connection to ground except during the time 
the Memory Gate conducts. 

The Memory amplifier is specially decoupled from 
the power supplies because the output stage (0262 and 
0266)can require a current pulse as great as 30 mA for 
a 20 volt output change at sample time. The decoupling 
networks areR261-C261 and R267-C267. L268 in the 
VERT SIG OUT and feedback lead presents a high 
impedance to the Memory output for high frequency (fast 
change) signals. The inductor ensures that the output 
amplifier does not have to provide high current to the 
output load. L268 slows the output signal response, but 
at a time when the CRT is blanked. 

A dual junction FET (0242) is the input stage. It is 
biased for essentially no leakage at the input gate, and 
the stage has high voltage gain at the in-phase output 
drain lead. Any voltage change at the left Q242 gate 
lead is amplified and applied to the inverting amplifier 
Q256. Q256 collector circuit applies proper bias to both 
bases of the out put complementary emitter follower 
pair, 0262-0266 and re-stores the DC level negatively so 
a zero input signal (at the left side of 0242) is also a zero 
output signal. 0256 collector and 0262-0266 output lead 
operate linearly through the range of -i-1 0 to -1 0 volts. 

Because of the high open-loop gain, the Memory 
Amplifier does not have the fast risetime that the prior 
amplifier shave. The AC Amplifier output pulse duration 
is shorter than the Memory Amplifier risetime. C239 at 
0242 input gate lead accepts some of the charge from 
the AC Amplifier, stores it until the Memory amplifier can 
respond, and then loses the charge again due to 
feedback current. 

A cycle of operation at sample time takes the 
following sequence: 

a The Memory Gate drive pulse arrives at essentially 
the same time the Sampling Bridge is strobed into 
conduction. The CRT is blanked during this same time. 
Propagation delay through the three AC coupled 
amplifiers is quite short. (The fact that the Memory 
amplifier input is always at zero volts, and the Memory 
Gate is balanced around zero volts, prevents any false 
changes in C275-C276 charge. Therefore, there is no 
change in the Memory amplifier out-put voltage during 
the time the Memory Gate conducts ahead of the arrival 
of the AC Amplifier output signal). 

b. The AC Amplifier applies a pulse signal through 
R219-C219 and the Memory Gate to the Memory 
amplifier put. C239 accepts some of the charge until the 
amplifier begins to respond, driving an equal and 
opposite current back to the input through the feedback 
capacitors. 



c. Since the AC Amplifier output signal is applied to the 
Memory Amplifier "virtual signal ground" input, C219 
receives about 10% of the total error signal charge before 
the Memory Gate stops conducting. Thus, as the AC 
Ampifier output returns to its quiescent voltage, the output 
side of C219 overshoot. The 743 0 of the Memory Gate 
discharges C219 well in advance of the next error signal. 

If the 7S1 1 is displaying a single transition step over 
the full graticule with the display starting at the lower left 
and ending at the upper right, the error signal is very large 
during retrace. Such large error signals (even during 
random process sampling) apply a significant charge to 
C219. In this case, the overshoot at the end of the error 
signal pulse is large enough to cause one side of the 
Memory Gate to conduct and remove some of the 
intended charge in the feedback capacitors. Two normally 
non-conducting clamp diodes prevent such undesired 
removal of memory charge. CR224 and CR226 help to 
discharge C219 if it receives too great a charge during the 
Memory Gate conduction time, thus preventing false 
amplitude displays. These two diodes do not conduct at 
any other time. 

d. As the Memory Gate drive pulse ends, C239 charge is 
removed by the Memory amplifier feedback. This causes 
the Memory output voltage to continue changing toward 
proper amplitude for a short period of time after the 
Memory Gate stops conducting. As soon as C239 is 
returned to normal, the output voltage remains fixed until 
the next sample. 

The actual resting voltage at the left Q242 gate may 
not be precisely zero, but it is within a few millivolts of 
zero. Any deviation from zero can be due to several 
things: slight differences in conduction of the Memory 
Gating diodes; slight differences in resistance of the four 
Memory Gate biasing resistors; some small error signal 
being generated at each sample time even when the 
sampling head input signal is zero. 0242 right gate 
voltage is adjusted over a small range to allow the above- 
normal variations. Adjustment of the right Q242 gate 
voltage is called the Smoothing Balance adjustment, 
because it is set so there is no change in Memory 
amplifier output when the forward attenuation is changed. 
The forward attenuation is changed by pushing either the 
NORMAL or SMOOTH switch. Whatever small zero-input 
error signal may exist in the system, it always has an 
average value that will not alter the memory stored 
charge. Changing the forward attenuation changes the 
peak amplitude of the residual error signal, but not its 
average voltage zero value. Therefore, 0242 gate voltage 
is adjusted to equal the average voltage zero value of the 
residual error signal, and the trace does not move when 
the NORMAL or SMOOTH switch is pushed. 

Memorv outnut voltaoe limits of about -i-l 0 and -1 0 are 
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The diodes, CR272 and CR274, are reverse biased by 
9voits each. If the output tries to go more positive than 
about +10 voits, CR274 conducts (9 + 0.6 = 9.6 
voits)reducing the ampiifier gain to much iess than 1. If 
the output tries to go more negative than about -10 
voits, CR272 conducts, reducing the ampiifier gain to 
much iess than 1 . The ciamping diodes prevent the 
ampiifier transistors from saturating at the time of an 
overdrive signai, and thus ensure fast transition away 
from the damped voitage at the next sampie. 

CR242 conducts oniy when Q242 is removed from 
socket whiie the power is on, thus keeping -50 voits off 
the source ieads when Q242 is piugged in. 
Temperature compensation of the ampiifier is 
accompiished effectiveiy by the source-coupied FET 
input ampiifier and CR257 andsCR259. 0252 is an 
active ioad for 0242. This active ioad causes the signai 
current to the base of 0256 to be about twice the signai 
current out of the drain of 0242 right. 0Q52 aiso serves to 
speed up the circuit response time. The two identicai 
haives of 0242 compensate each other so their totai 
current does not change with temperature change. 
CR257 and CR259 have junction-drop temperature 
coefficients simiiar to Q262 and Q266 base-emitter 
junctions, and thus stabiiize the output circuit 

The Memory ampiifier drives the front panei verticai 
output jack through a resitive attenuator that deiivers 
40%of the memory signai through 10 ki2. The jack is 
iabeied VERT SIG OUT, 0.2 V/DIV, 10 ki2. The memory 
output signai is the standard defiection signai mentioned 
in Sections, and is 0.5 voit/CRT division. The Memory 
drives the Verticai Output through the Invert switch. 

NOTE 

The Memory output limits of ±10 volts at 0.5 
V/div equal 40 CRT divisions of display area, 
required when operating at high sensitivity and 
many div is ins of DC OFFSET The whole 
pulse amplifier chain is designed for full 
response and fast recovery so that on-screen 
displays have accurate deflection factors and 
DC offset reference. Such operation provides 
accurate signals at the front panel Vert Output 
jack, even tough much of the signal is not 
displayed on the CRT 

Output Amplifier 

The Output Ampiifier diagram inciudes the Verticai 
Output and the Reai Time Trigger. 

The Verticai Output ampiifier foiiows the Invert 
switch, INVERT/+UP which sets the signai path from the 
Memory circuit. The Verticai Output ampiifier consists of 
a two- stage push-puii baianced circuit. The first stage 
inciudes the VARIABLE gain controi and the Position 
adjustment in the 



common emitter circuit of 0314 and 0334. The Position 
adjustment changes the current through each side of 
push-puii circuit for a center-screen output voitage. Gain 
of mum gain occurs with minimum resistance between 
the two emitters. The Variabie baiance adjustment sets 
the ievei on the base of jq334 so that no current fiows 
between emitters under no-signai conditions. This 
ensures that there is no ground reference shift of the 
trace when the VARIABLE control is turned. 

The second stage of the Vertical Output amplifier 
includes the GAIN adjustment, which varies the emitter 
generation of 0344 and 0354. The push-pull outputs 
are applied to the oscilloscope vertical amplifier as a 
current source. 

The Real time Trigger amplifier (0362 and 0366 is 
a balanced circuit with push-pull input from the first 
stage of the Vertical Output amplifier. Positive and 
negative trigger signals are applied to the timing unit 
through the oscilloscope interface. 

Gate Generator 

The Gate Generator diagram includes the Real 
Time Oscillator and Memory gate Driver. The sampling 
drive pulse from the sampling sweep trigger event and 
further delayed in the Delay circuit. The Memory Gate 
Driver circuit provides the proper time-positioning of the 
Memory Gate pulse so that the error signals are gated at 
the correct time. The Real time Oscillator oscillates at 
about 47.5 khlz to start the sampling process when 
driven by a non-sampling sweep unit. 

The Memory Gate Driver is preceded by a blocking 
oscilator (0430 and associated components) which 
standardizes sampling sweep. Until the positive 
sampling drive pulse occurs. 0430 is cut off and its 
collector is at +15 volts. The arriving pulse causes the 
transistor to start conduction as a normal amplifier, but 
the regenerative feedback from T430 via CR430 quickly 
drives 0430 into saturation. As the current through 
T430 reaches a steady value, the counter-EMF 
generated in the secondary of T430 is stopped by the 
reverse-biasing of CR430. 0430 remains in saturation 
until cut off when the sampling drive pulse ends. 

The Memory Gate Driver circuit consists of a low 
current amplifier 90452) and a monostable multivibrator 
(0456-0464). At quiescence, the base voltage of 0452 
(determined by the DELAYCONTROL SETTING) IS 
BETWEEN +1 1 AND +15 VOLTS. The current through 
0542 is about 1 mA, which is insufficient to forward-bias 
0456. Diode CR455 holds the base of 0456 at-15.6 
volts to ensure that the 
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Memory Gate Driver output does not change as the 
DELAY control is changed. 0464 is reverse-biased by the 
current through R461, R460 (Memory Gate Width 
adjustment), CR462 and R462, and its base voltage is 
clamped at -i-0.6volts by CR464. The collector voltage of 
0464 rests at-14.5 volts 

When the blocking oscillator fires, the negative-going 
transition at Q430 collector is integrated into a fast 
negative going ramp by R434 and C434. The ramp 
voltage drops to a level (determined by the DELAY control 
setting) sufficient to forward-bias CR434 and shortly 
thereafter, Q452 is driven to conduct harder. The 
additional current required by the emitter of Q452 is 
furnished by C451, and the collector of Q452 rises far 
enough to forward-bias 0456. When Q456 conducts its 
collector voltage drops, the negative change is coupled by 
C460 to reverse-bias CR462, which turns on Q464. R464 
applies a steady 50 mA current to the Memory Gate 
transformer primary (T230) for about 180 nanoseconds 
The positive-going change at the collector of Q464 is 
coupled back to the base of Q456 as positive feedback, 
holding Q456 in conduction. 

The negative-going transition at the collector of Q456 
is also coupled via C457 and C447 to the base of Q452, 
hold-ing that transistor in hard conduction. The Strobe for 
the sampling head is taken from the junction of C457 
andC447. 

The regeneration from C447 to Q452 does not last as 
long as that holding 0456 in conduction, but since the 
base voltage of Q456 cannot go more positive than about 
-14.4volts, Q452’s collector voltage does not change. The 
position of the Memory Gate Width control adjusts the 
charge rate of C460 and therefore the conduction time of 
0464. The conduction time and gate duration vary directly 
with the resistance of R460. 

As C460 charges toward -i-15 volts, CR462 again 
conduct turns 0464 off, ending the Memory Gate pulse 
and the dive to the base of Q456. However, Q456 was in 
saturation, so it does not stop conducting immediately. 
The collector voltage of 456 rises positive about 350 ns 
after the transistor was turned on. This RC rise is slow 
and does 

not couple much energy through either C457 or C460. 

Real Time Oscillator 

The Real Time Oscillator consists of two blocking 
oscillator circuits. One, a low frequency blocking 
oscillator, is composed of transistor 0404 and associated 
circuitry. The second, a high frequency blocking 
oscillator, is composed of transistors 0408, 0410 and 
associated circuitry. The Real Time Oscillator circuit is 
controlled by the oscillator 
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lator control line is at the high state, neither of the two 
oscillators can operator since their source of current is 
shunted by diodes CR413 and CR414 (see Gate 
Generator diagram 4). When the oscillator control line 
is at the low state, both diodes are back biased and the 
oscillators can operate. 

The low frequency blocking oscillator uses 
transformer coupling from emitter to base to perform 
the oscillator action. During equivalent time sampling 
operation, the anode of CR413 is held at about -1-.6 
volt. Most of the current from R404 travels through 
CR413, and 0404remains reverse biased. When the 
sampling sweep unit TIME/DIV switch is rotated to a 
real time position, the oscillator control line drops to a 
point slightly below ground potential and the cathode of 
CR413 drops to about-. 6 volt. As the cathode of 
CR413 drops below ground potential, Q404 begins to 
conduct. Current through 7430couples positive 
feedback via CR401 to the base of Q404,driving it 
further into conduction. The current for the rapid 
saturation of 0404 is furnished first by C406; then as 
the emitter of 0404 rises positive, CR402 begins to 
conduct and clamps the emitter of Q404 at about -1-.6 
volt. The field around T400 begins to collapse, rapidly 
driving Q404 into cutoff. The result at the base of 
Q408 is a single positive pulse used to drive the high 
frequency blocking oscillator. 

When the oscillator control line is at the high state, 
the anode of CR414 is at approximately ground 
potential, which is sufficient for the diode to conduct. 
Since there is no difference in potential from the 
cathode of CR413 to the cathode of CR414, both Q408 
and 0410 are reverse biased when the oscillator 
control line is at the high state. When the sampling 
sweep unit is switched to a real time TIME/DIV setting, 
the oscillator control line drops to approximately -0.6 
volt. The cathode potential of CR414drops to 
approximately -1.2 volts at which point 0410, CR411 
and Q408 begin conduction (the base of Q408 is 
pulled positive by the conduction of Q404). The 
change in the collector of 0410 through the primary of 
T410 starts positive feedback to the base of Q410. 
Q410 is driven rapidly into saturation. When Q410 
saturates, the collapsing field across T410 then drives 
0410 into cutoff. The result is a sharp negative pulse, 
which is coupled across C418 to the base of Q422. 
Although the repetition rate of the high frequency 
oscillator depends primarily on the output rate of the 
low frequency oscillator, the high frequency oscillator 
output frequency can be varied by the repetition rate 
adjustment, R415. 

Transistor Q422 inverts the negative pulse from 
the high frequency oscillator and drives the base of 
0430 when the sampling sweep unit is in real time 
operation. 
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To Output Amplifiar R332 
Trace Shift — AA/v- 



R512 

is Sampling 
Head Multiplication 
Factor 

0.1X, IX, 10X 



Identify 



Probe Multiplication 
Factor (IX, 10X, 100X) 
and Identify 



Fig. 4-5. Simplified Readout Logic Coding. 
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Readout Logic 

The Readout Logic diagram shows the circuitry 
used to generate different current ieveis for anaiog 
coding. The transist ors and d iode are used to 
simpiify the switching. Fig. 4-5 1 shows a simpiified 
diagram of the switches and resistance’s used for 
encoding. In some sampiing heads there is no probe 
coding. Probe coding is performed via a ring around 
the BNC connector and 0506 and 0516 which 
convert the resistance vaiue in the probe into anaiog 
current puises during time siot 1, B33. Trace 
identification is impiemented by grounding the probe 
coding ring around the BNC connector. 

Power Distribution and Decoupiing 

The Power Distribution & Decoupiing diagram 
contains the power suppiy decoupiing networks and 
internai power suppiy for the S-series sampiing head. 
Power from the indicator osciiioscope enters through 
the center circuit board at the rear. 



The -12.2 Voit Suppiy consists of the comparator 
Q624and the series reguiator 0626. The output voitage 
is compared with the reference divider voitage of R621- 
R622. 

The voitage reference divider, R621 and R622, 
appiies approximateiy -12.2 voits to the base input of 
0624. This reference is coupied to the emitter-base 
junction of the output side of 0624 through common 
emitter resistor R624. 



A positive-going change in voitage decreases the 
current through the output coiiector of 0624 which pieces 
a more negative voitage on the base of 0626. As the 
current through 0626 increases, the output voitage 
decreases to its proper vaiue. 

0624 is protected from reverse bias by diodes 
CR624 and CR625. 
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7-S11 

SECTION 5 
MAINTENANCE 

Change information, if any affecting this section wiii be found at the rear of the manua. 



Introduction 

This section of the manuai contains 
maintenance information for use in preventive 
maintenance, corrective maintenance or 
troubieshooting of the 7S1 1 . 

PREVENTIVE MAINTENANCE 

General 

Preventive maintenance consists of cieaning, 
visuai inspection, iubrication, etc. Preventive 
maintenance performed on a reguiar basis wiii heip 
prevent instrument faiiure. The severity of the 
environment to which the 7S1 1 is subjected wiii 
determine the frequency of maintenance. 

Cleaning 

The 7S1 1 shouid be cieaned as often as operating 
conditions require. Accumuiation of dirt in the 
instrument can cause overheating and component 
breakdown. Dirt on components acts as an insuiating 
bianket and prevents efficient heat dissipation. It also 
provides an electrical conduction path. 

The top and bottom covers of the instruments in 
which the 7S11 operates provide protection against 
dust in the interior of the instrument. Operating without 
the covers in place will require more frequent cleaning. 

, CAUTION , 



Avoid the use of chemicai cieaning agent 
which might damage the piastic used this 
instrument. Some chemicais to avoid are 
benzene, toiuene, xyiene, acetone or simitar 
soivents. 



External. Loose dust accumulated on the outside 
of the7S1 1 can be removed with a soft cloth or small 
paint brush. The paint brush is particularly useful for 
dislodging dirt on and around the front-panel controls. 
Dirt which remains can be removed with a soft cloth 
dampened in a mild solution of water and detergent. 
Abrasive cleaners should not be used. 



Interior. Dust in the interior of the instrument should be 
removed occasionally due to its electrical conductivity 
under high-humidity conditions The best way to clean the 
interior is to blow off the accumulated dust with dry, low- 
velocity air. Remove any dirt which remains with a soft 
paint brush or a cloth dampened with a mild detergent 3nd 
water solution. 

Lubrication 

The reliability of potentiometers, rotary switches and 
other moving parts can be increased if they ate kept 
properly lubricated. Use a cleaning-type lubricant (such 
as Tektronix Part No. 006-0218-00) on switch contacts 
Lubricate switch detents with a heavier grease (such as 
Tektronix Part No. 006-0219-00). Potentiometers should 
be lubricated with a lubricant which will not affect electrical 
characteristics (such as Tektronix Part No. 006-0220-00). 
Do not over-lubricate. A lubrication kit containing the 
necessary lubricants and instructions is available from 
Tektronix. Order Tektronix Part No. 003-034200). The 
VARIABLE on/off slide switch uses Beacon #325 grease, 
Tektronix Part No. 006-0147-00. 

Visual Inspection 

The 7S1 1 should be inspected occasionally for such 
defects as broken connections, improperly seated 
transistors, damaged circuit boards and heat-damaged 
parts. 

The remedy for most visible defects is obvious; 
however, care must be taken if heat-damaged parts are 
located. Overheating is usually only a symptom of trouble. 
For this reason, it is essential to determine the actual 
cause of overheating before the heat-damaged parts are 
replaced; otherwise, the damage may be repeated. 

Calibration 

To ensure accurate measurements, check the 
calibration of this instrument after each 500 hours of 
operation or once every six months. 

Parts Identification 

Identification of Switch Wafers. Wafers of switches 
shown on the circuit diagram are numbered from the first 
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wafer located behind the detent section of the switch to 
the last wafer. The letters F and R indicate whether 
the frontor the rear of the wafer is used to perform the 
particular switching function. For example, the 
designation 2R printed by a switch section on a 
schematic identifies the switch section as being on the 
rear side of the second wafer when counting back from 
the front panel. 

Wiring Coior Code. The wiring in the 7S11 is 
color coded to facilitate circuit tracing 

Resistor Coding. The 7S11 uses a number of 
very stable metal film resistors identified by their gray 
background color and color coding. 

If the resistor has three significant figures with a 
multipliers, the resistor will be EIA color coded. If it 
has four significant figures with a multiplier, the value 
will be printed on the resistor. For example, a 333 ki2 
resistor will be color coded, but a 333.5 k,n resistor will 
have its value printed on the resistor body. 



The color-coding sequence is shown in i Fig. 5-l1 

Capacitor Marking. The capacitance values of 
common disc capacitors and small electrolytic are marked 
in micro-farads on the side of the component body. The 
white ceramic capacitors used in the 7 S1 1 are c olor coded 
in picofarads using a modified EIA code [Fig. 5-1 1 . 

Diode Coior Code. The cathode end of each glass 
encased diode is indicated by a stripe, a series of stripes or 
a dot. For most silicon or germanium diodes with a series 
of stripes, the color-code also indicates the type of diode or 
identifies the Tektronix Part Number using the resistor 
color-code system (e.g., a diode color-coded blue or pink- 
brown-gray-green indicates Tektronix Part Number 152- 
0185-00). The cathode and anode end of metal-encased 
diodes can be identified by the diode symbol marked on the 
body. 

Parts Replacement 

All parts used in the 7S1 1 can be purchased directly 
through your Tektronix Field Office or Representative. 



Composition Resistors: 



Metal-Film Resistors: 



Ceromic Capacitors 




Resistor and Capacitor Color Code 



©0 and 0 — 1st, 2nd and 3rd significant figures; 
— multiplier; —tolerance; 

— temperature coefficient. 



Multiplier 



Tolerance 



Color 


cant 

Figures 


Resis- 

tors 


Capaci- 

tors 


Resis- 

tors 


Capaci- 

tors 


Silver 




10-2 




±10% 


— 


Gold 




10-2 




±5% 




Black 


0 


1 


1 


— 


±20% or 
2pF* 


Brown 


1 


10 


10 


±1% 


±1% or 
0.1 pF* 


Red 


2 


102 


102 


±7% 


±2% 


Orange 


3 


102 


102 


±3% 


±3% 


Yellow 


4 


10‘ 


10' 


±4% 


-F100% 

-0% 


Green 


5 


10" 


10' 


±0.5% 


±5% or 
0.5 pF* 


Blue 


6 


10“ 


10“ 






Violet 


7 










Gray 


8 
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-F80% 
-20% 
or 0.25 pF* 


White 


9 


— 


10-2 


— 


±10% or 
1 pF* 


(none) 


... 


- - - 


— 


±20% 


±10% or 
IpF* 



*For capacitance of lOpF or less. 



NOTE: and/or color cod* for capocitors depends upon 

_jnonwfacrur«_^n^^agacllor^y£*^^Aajj_jrolb*jr*s*ntlr^om^ai**^ 



Fig. 5- 1 . resistor and ceramic capacitor coior-code. 
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However, replacements for standard electronic items can 
generally be obtained locally in less time than is required to 
obtain them from Tektronix. Replacements for the special 
parts used in the assembly of the 7S1 1 should be ordered 
from Tektronix since these parts are either manufactured or 
selected by Tektronix to satisfy a particular requirement. 
Before purchasing or ordering, consult the Electrical Parts 
List to determine the value, tolerance and rating required. 

NOTE 

When selecting the replacement parts, it is 
important to remember that the physical size and 
shape of a component may affect its performance 
at high frequencies. Parts orientation and lead 
dress should duplicate those of the original part 
since many of the components are mounted in a 
particular way to reduce or control stray 
capacitance and inductance After repair, portions of 
the instrument may require recalibraton. 

Push button Switches. The push button switches are 
not repairable and should be replaced if defective. 
Component s which are mounted on the circuit board 
associated with the push button switch can be replaced 
using the normal replacement procedures 

Rotary Switches. Individual wafers or mechanical 
parts of rotary switches are normally not replaced. The 
availability of replacement switches, either wired or unwired, 
is detailed in the Electrical Parts List. 

Circuit Boards. Use ordinary 60/40 solder and a 35- to 
40-watt pencil type soldering iron on the circuit boards. The 
tip of the iron should be clean and properly tinned for best 
heat transfer to the solder joint. A higher wattage soldering 
iron may separate the etched wiring from the base material. 

All of the components mounted on the Vertical and 
Inter-Channel Control circuit boards can be replaced with- 
out removing the boards from the instrument. Observe 
soldering precautions given under Soldering Techniques in 
this section. Replacement of soldered-in diodes. Grasp the 
diode lead between the body of the diode and the circuit 
board with a small pair of tweezers. Touch the tip of the 
soldering iron to the lead where it enters the circuit board. 
Do not lay the iron tip directly on the circuit board. Gently 
but firmly pull the diode lead from the hole in the circuit 
board. If removal of the lead does not leave a clean hole, 
apply a sharp object such as a toothpick or pointed tool 
while re heating the solder. Avoid using too much heat. 

Replacement of soldered in diodes. Graps the diode 
lead between the body of the diode and the circuit board 
with a small pair of tweezers. Touch the tip of the soldering 
iron to the lead where it enters the circuit board. Do not lay 
the iron tip directly on the circuit board. Gently but firmly 
pull the diode lead from the hole in the circuit board. If 
removal of the lead does not leave a clean hole, apply a 

fiharp nhiprt .<;iirh as a tnnthpirk nr pnintnri tnni whiln 



NOTE 

Cleaning of the circuit board hold while the 
board is mounted the instrument is not 
recommended Solder pushed through the 
hole toward the back side cannot always be 
cleared away unless the back side is 
accessible. Thus, clear the mounting holes 
only when the board is out of the instrument 

To place the new diode, bend the leads and trim to 
fit just through the board. Tin each lead while using 
the tweezers as a heat sink. Place the diode leads in 
the holes. Apply a small amount of solder, if 
necessary, to ensure a good bond. Use the tweezers 
as a heat sink and use only enough heat for a good 
connection. 

Replacement of other soldered-in components. 
Grip the component lead with long-nose pliers. Touch 
the soldering iron to the lead at the solder connection. 
Do not lay the iron directl y on the b oard, as it may 
damage the board .Refer t d Fig. 5-2l When the solder 
begins to melt, pull the lead out gently. This should 
leave a clean hole in the board. If not, the hole can be 
cleaned by reheating the solder and placing a sharp 
object such as a toothpick or pointed tool into the hole 
to clean it out. 

Bend the leads of the new component to fit the 
holes in the board. If the component is replaced while 
the board is mounted in the instrument, cut the leads 
so they will just protrude through the board. 

Pre-tin the leads of the component by applying the 
soldering iron and a small amount of solder to each 
(heat-shunted) lead. Insert the leads into the board 
until the component is firmly seated against the board. 
If it does not seat properly, heat the solder and gently 
pre press the component into place. 
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Apply the iron and a small amount of solder to the 
connection to make a firm solder joint. To protect heat 
sensitive components, hold the lead between the 
component body and the solder joint with a pair of long- 
nose pliers or other heat sink. 

Clean a the area around the soldered connection 
with a flux-remover solvent to maintain good 
environmental characteristics. Be careful not to remove 
information printed on the board. 

Incandescent bulbs for lighting the push a button 
switches are soldered to the circuit board on the push 
button switches. Remove the screws and cover to 
expose the bulbs. 

Metal Terminals. When soldering metal terminals 
(e.g., switch terminals, potentiometers, etc.), ordinary 
60/40 solder can be used. The soldering iron should 
have a 40 to 75 watt rating with a 1/8 inch wide chisel- 
shaped tip. 

Observe the following precautions when soldering 
metal terminals. 

1. Apply only enough heat to make the solder flow 
freely. 

2. apply only enough solder to form a solid 
connection. Excess solder may impair the function of the 
part. 

3. If a wire extends beyond the solder joint, skip off 
the excess. 

4. Clean the flux from the solder joint with a flux 
remover solvent. 

Circuit Board Repiacement. If a circuit board is 
damaged and cannot be repaired, the entire assembly 
including all soldered-on components should be 
replaced. The part number given in the Mechanical 
Parts List is for a completely wired board. 

Replace the Vertical and Inter-channel control circuit 
boards with attention to the screws which are spring 
mounted to the center circuit board. Be certain that the 
screws are gradually loosened so the circuit board 
assembly does not spring up at one end and cause 
damage. Loosen the screws one turn at a time to 
equalize stress caused by the springs. Check that pins 
are straight before replacement. Replace the circuit 
board with careful alignment of the holes over the pins 
with pressure on the area around the screws to 
overcome spring resistance for the initial screw 



tightening, then tighten all the screw gradually, (as in 
the removal) one turn at a time tighten all screws 
finger tight. 

The Interface assembly board can be removed 
as follows: first, loosen (or remove) the phillips head 
screws and locking nuts holding the fixed shoe on the 
left side of the 7S11 and lift the shoe away, then 
remove the six phillips head screws holding the 
Interface assembly board to the metal a chassis. 
Remove the four phillips head screw holding the rear 
plastic connector guide. Loosen the set screw in the 
shaft coupling holding the VARIABLE control shaft to 
the control (switch pushed in ). The Inter-Channel 
control circuit board must be covered for removal of 
pin connections at pin A, B and ground. Tag the 
wires with masking tape and mark for identification. 
Disconnect all pin-and-connector wire connections. 
Unsolder the leads at the sampling head connector, 
gently lifting them away from the board. Pull the 
assembly board from the 7S1 1 to the rear, watching 
the wires connected to the movable shoe for possible 
hang-up on the notches, and placing them so they 
bend outside the notches, and placing them so they 
bend outside the chassis holes. 

Interface board replacement involves installation 
of the board, watching and placing the wires for least 
interference and final location. Install and tighten the 
four screws holding the rear plastic connector. Next, 
install and tighten the six chassis screws. Solder the 
sampling head connector pins and connect the wires. 
Install the fixed shoe connector into the slot and 
install the Inter-Channel control board. Reassemble 
the VARIABLE control shaft and coupling and tighten 
the set screw. 

TROUBLESHOOTING 

Introduction 

The following information is provided to facilitate 
troubleshooting of the 7S1 1 . Information contained in 
other sections should be used along 
with the following information to aid in locating the 
defective component. An understanding of the circuit 
operation is very helpful in locating troubles. See the 
circuit Description section if the operation of a 
particular circuit is not clear. 

Troubleshooting Aids 

Diagrams. Complete circuit diagrams are given 
on fold out pages in the Diagrams section. The 
component number and electrical value of each 
component in this instrument are shown on the 
diagrams. Each main circuit is assigned a series of 
component numher.s iTahle 5-1 l li.qt.q the main circuits 
in the 7S11 and the series of component numbers 
assigned to each. Important voltages and waveforms 
are also shown on the diagrams. The portions of the 
circuit mounted on circuit boards are enclosed with a 
blue line. 
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Table 5-1 . 

Component Numbers 



Component 
Numbers on 
diagrams 


Diagram 

number 


Circuit 


101-149 1 


1 


Post Amp & 
Attenuators 


201-299 


2 


Memory 


301-399 


3 


Output Amplifier 


401-499 


4 


Gate Generator 


501-549 


5 


Readout Logic 


601-649 


7 


Power Distribution & 
Decoupling 



Troubleshooting Techniques 

This troubleshooting procedure is arranged in an order which 
checks the simple trouble possibilities before proceeding 
with extensive troubleshooting. The first few checks ensure 
proper connection, operation and calibration. If the trouble is 
not located by these checks, the remaining steps aid in 
locating the defective component. When the defective 
component is located, it should be replaced, following the 
replacement procedures given in this section. 



Transistor Checks 

Transistors should not be replaced unless they 
are actually defective. Transistor defects usually 
take the form of the transistor opening, shorting, or 
developing excessive leakage. To check a 
transistor for these and other defects, use a 
transistor curve display instrument such as a 
Tektronix Type 576 or 575. However, if a good 
transistor checker is not readily available, a 
defective transistor can be found by signal-tracing, 
by making in-circuit voltage checks, by measuring 
the transistor forward-to-back resistance using 
proper ohmmeter resistance ranges, or by using 
the substitution method. The location of all 
transistors is shown in the parts location figures 
later in this section. 

To check transistors using a voltmeter, 
measure the emitter-to-base and emitter-to- 
collector voltages and determine if the voltages are 
consistent with the normal resistances and currents 
in the circuit (see iFia. 5-31. 1 Note the lead 
configuration in i Fig. 5-4l 



1. Check Control Settings. Incorrect control settings can 
indicate a trouble that does not exist. For example, incorrect 
setting of the VARIABLE control appears as incorrect gain, 
etc. If there is any question about the correct function or 
operation of any control, see the Operating Instructions 
section of this manual. 

2. Check Associated Equipment Before proceeding with 
troubleshooting of the 7S11, check that the equipment used 
with the 7S1 1 is operating correctly. Check that the signal is 
properly connected and that the inter-connecting cables are 
not defective. Also, check the power source. 

3. Visual Check. Visually check the portion of the 
instrument in which the trouble is located. Many trouble 
scan be located by visual indications such as unsoldered 
connections, broken wires, damaged circuit boards, 
damaged components, etc. 

4. Check Instrument Calibration. Check the calibration 

of the instrument, or the affected circuit if the trouble exists in 
one circuit. The indicated trouble may only be a result of 
misadjustment or may be corrected by calibration. Complete 
instructions are given in the Calibration section f this manual. 

5. Isolate the Trouble to a Circuit. To isolate trouble to a 
circuit, note the trouble symptom. The symptom often 
identifies the circuit in which the trouble is located. When 
double symptoms appear in more than one circuit, check 
effected circuits by taking voltage and waveforms readings. 



When checking transistors by substitution, be 
sure that the voltages supplied to the transistor are 
normal before making the substitution. If a 
transistor is substituted with out first checking out 
the circuit, the new transistor may immediately be 
damaged by some defect in the circuit 

Diode Checks 

A diode can be checked for an open or shorted 
condition by measuring the resistance between 
terminals. With an ohmmeter scale having an 
internal source of about 1 .5 volts, the resistance 
should be very high in one directionand very low 
when the leads are reversed. 
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Fig. 5-3. In-circuit voltage checks NPN or 
PNP transistors 
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CAUTION 



Do not use an ohmmeter scale that has a high 
internal current High currents may damage the 
diode. Do not measure tunnel diodes with an 
ohmmeter use a dynamic tester (such as 
Tektronix Type 576 or 575 Transistor Curve 
Tracer. 



Field Effect Transistors (FET) 

Memory Amplifier field effect transistors in the 7511 
should not be tested with an ohmmeter. Rather, if you 
suspect the dual FET, pull the unit out of the socket, 
rotate it 180i and re-insert it. The leads are arranged in 
a manner to permit the unit to be installed with the guide 
pin pointing either forward or backward. If there is no 
change in circuit operation, both sections of the dual 
FET are probably good. 

Actual condition of either half of a dual FET can be 
checked using a Tektronix Type 576 Transistor Curve 
Tracer. The Gate corresponds to the Base, Drain to the 
Collector, and Source to the Emitter of an ordinary 
transistor at the curve tracer sockets. 



Set the Type 576 Curve Tracer controls: 



Vertical Current/Div 
Display Offset 
Centerline Value 
Display Invert 
Zero 
Cal 

Horizontal Volts/Div 

Max Peak Volts 

Watts 

Polarity 

Mode 

Number of Steps 
Offset Mult 
Step/Offset Amplitude 
Offset Zero 
Steps 

Step Family Rep 
Rate Norm 
Step Mult X 

Step/Offset Polarity Invert 
Variable Collector Supply 
Emitter Grounded 



1 mA 
0 

Div 

Released 
Released 
Released 
1 Collector 
15 
0.1 

-r (NPN) 
Norm 
10 
0.00 
.05 V 
Pressed 
Pressed 
Pressed 
Pressed 
Released 
Pressed 
0 

Step Gen 



Install the FET Test Fixture in the Type 576 
Standard 

Test Fixture and the FET to be tested in the Test 
Fixture. 




Fig. 5-4. Lead configuration for transistors 
used in the 7S11 



Press the Step Generator Polarity Invert button for 
the Depletion mode of operation or release the button for 
the enhancement mode of operation. 

Turn the Amplitude switch counter clockwise until a 
family of curves is displayed. Set the Peak Power Watts 
switch for a maximum collector supply power output of 
less than the maximum power rating of the FET under 
test. 

Increase the collector supply voltage as follows: 

(1 ) Set the Variable collector supply control full 
counterclockwise; 

(2) Install the protective box and close the lid; 

(3) Set the Max Peak Volts switch to to the desired 
voltage range 

(4) Turn the variable collector supply control 
clockwise until the desired collector supply 
voltage is obtained. 



Turn the Variable Collector Supply control clockwise 
until about 10 volts is displayed horizontally. 
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Turn the Amplitude switch counterclockwise for a 
higher drain current. 

Small-signal gm of the FET is equal to the Vertical 
switch setting divided by the Amplitude switch setting 
(note the gm PER DIV READOUT), multiplied by the 
vertical separation of two curves of the displayed 
family. 
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Major Circuit and Parts Location 

The remainder of this section includes photographs 
of sections of the 7S1 1 . Major circuit areas are 
identified. All components mounted on circuit boards 
are identified by circuit numbers. All circuit board 
connections are identified by pin letters. 




Maintenance-7S11 




R[>OGt- 



QbO6|Ob02 CO 



CR506 A 
■ i. R502 ,• 

>RbOb r- 

•^R509 
•- Rb03^^ 



0508 



QS12 



tf- Rb08^'^» 
^-^RblCn- 



0516 ,0518 



*^;R517*f t608| f»i 

' R5184 . ’ 

RSISir 9> 

BH Bl \ U607C,p 

^5^267 » ^H259_^ ' 

CR259n^^ 
!l|*^ VR258^» 

S ^ *VR266ii»j 



H264*’>1 
CR257;7 
'R26U*^ li I 

C26Tk -1. 



r \1- 

R319-I*; 

^ 4C27^4 ■: 
R274 i^‘ 
CR274J i 
|tR275f » • 
^CR272,.\] 

^ ^ *'^R271it7 

CR242 ‘ 



1 I ■ 

f 1,-R268j 
’ C269S 

tiR269| 

•4 ' 

•f L268i c 



0262 



0242 



L604> 



<R246.:«'> 
R229’*', ^ CR22 

CR236L, R224 

or*’CR237^Ma- ^C239| 

’^Vi CR239> >1^*' CR2, 
•CR238' Vt22.-<- R6024 

1-». R222:^>->lR219:it 

•1 R208'?>t. cTiq*-- i^l.C605 



T230 



rO208l 



0212 



0214 



>» ,R344 . 
R368 "* 



>'o^4 



' Ti p 1 j . . , 

• ia^ Vn^4^n~ n 1>1 g f) S !)! g 0362 

, iiTi*': oc'(o « — 



M g « S 3 g'Q362i 



<k 0314 



^-<’C341' 

1^, 



■o 



5:''- -pv b- '968 
UKTRONIX INC. 



, o. ffl. _ _ 

og:,S(oo 

FTR166’^2 

^1^ y 



Fig. 5-. 5. Vertical circuit board. 



5-8 




Maintenance-7S1 1 



'i- 

\ 



^Qi 



CK 



■ *■ 



o 



mm y ^ |R441» ir-S. f^t:434|q 




- f *4 |C471 V 
. K-.RMCl -.‘♦1 ,H472> 

T 1 1 • ' . 



R415 



,<-'.gC476W. t^Q/t 

^•[R47G?jt O — 



I 



c/> 

I't 

a 

> 



2 >>t >t v ) ^ 

el V^'-* 

^C479* 



[i^*R402 
'^C'H4(I? 




T400| 



ASSV 

on fi«ni n/o 



CR401 
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Fig. 5-7. Interface circuit board, left side 
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Fig. 5-8. Interface circuit board, right side. 
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SECTION 6 

PERFORMANCE CHECK/CALIBRATION 



7S11 



Change information, if any, affecting this section wiii be found at the rear of the manuai 

TEST EQUIPMENT REQUIRED 



Introduction 

This procedure combines the 7S11 performance 
check and caiibration procedures since a number of the 
steps are common to both procedures. After the 
"Preiiminary Procedure", which is performed before the 
7S11 is instaiied in the osciiiosope, the Performance 
Check Procedure (using the test equipment 
recommended and without access to internai controis or 
test points) inciudes aii the steps that can be done on 
the 7Si 11 once it is instaiied in the osciiioscope. Notes 
in the text titied "PERFORMANCE CHECK ONLY" give 
instructions that pertain to the performance check 
procedure oniy and iist the next step appiicabie to the 
performance check. Aii these steps herein pertain to the 
caiibration procedure. 

As an aid to the caiibration of the instrument, a Short- 
Form Procedure is given prior to the compiete 
procedure. To faciiitate instrument caiibration for the 
experienced caiibrator, the Short-Form Procedure iists 
the caiibration adjustments necessary for each step and 
the appiicabie toierances. This procedure aiso inciudes 
the step number and titie as iisted in the compiete 
Performance Check/Caiibration Procedure and the page 
number where each step begins. Therefore, the Short- 
Form Procedure can be used as an index to iocate a 
step in the compiete procedure. This procedure can be 
reproduced and used as a permanent record of 
instrument caiibration. 

Compietion of each step in the compiete Performance 
Check/Caiibration Procedure insures that this instrument 
meets the eiectricai specifications given in I Section 1~| 
Where possibie, instrument performance is checked 
before an adjustment is made. For best overaii 
instrument performance when performing a compiete 
caiibration procedure, make each adjustment to the 
exact setting even if the check is within the aiiowabie 
toierance. 

NOTE 

A waveforms shown in this procedure were taken 
with a Tektonix Osciiioscope Camera System. 
Limits, toierances and waveforms in this 
procedure are given as caiibration guides and 
shouid not be interpreted as instrument 
specifications except as soecifie dT Section 1\ 



General 

The foiiowing test equipment and accessories, or 
its equivaient, is required for compiete caiibration of 
the 7S11. Specifications given are the minimum 
necessary for accurate caiibration; therefore, some of 
the recommended equipment may have 
specifications that exceed those given.. Aii test 
equipment is assumed to be correctiy caiibrated and 
operating within the given specifications if equipment 
is substituted, it must meet or exceed the 
specifications of the recommended equipment 

Speciai Tektronix Caiibration fixtures are used in 
this procedure oniy where they faciiitate caiibration. 
These speciai caiibration fixtures are avaiiabie from 
Tektronix, inc. Order by part number through your 
iocai Tektronix Fieid Office or representative. 

Test Equipment 

1 . Osciiioscope, a 7504 or a 7704, in which to 
operate the 7S1 1 . 

2. Type S-1 Sampiing Head. 

3. 7T1 1 Sampiing Sweep Unit. 

4. Test osciiioscope with a differentiai 
comparator; minimum defiection factor required is 5 
mV/div or iess, risetime required is 20 ns or iess. A 
7A13 Differentiai Comparator and 7B50 Time Bas 
can be operated in the 7504 (or 7704) Osciiiscope 
required for the 7S1 1 , or use a separate osciiioscope 
such as the Type 547 with the Type W Piug-in Unit. 

5. IX Probe, P6011. Tektronix Part No. 010- 
0193-00. 

6. 50 Q. Ampiitude Caiibrator. Output impe- 
dance 50 n; voitage range 0.012 to 1.2 voits square 
wave; accuracy with-in ±0.3%. Tektronix Caiibration 
Fixture 067-0508-00. 
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7. A special Variable Attenuator with GR 874 
connectors. It consists of a 100 potentiometer a 
cross a 50 n line, and does not have a guaranteed 
response. Tektronix Part No. 067-0511-00. 

8. Normalizer Head, optional (recommended if 
more than one sampling head will be used with the 
7S11) for Memory Gain and Memory Gate Width 
adjustments. Tektronix Calibration Fixture 067-0572- 

01 . 

9. DC Resistance Bridge (such as ESI 250 DA) for 
measuring 10 ki2, accurate within ±0.5%. 

NOTE 

This test instrument is not required if the 

Preiiminary Procedure is omitted. 

10. 10X Probe, P6012. Tektronix Pat No. 010203- 

00 . 

11. 2 1/2 inch ground lead. Tektronix Part No. 
175- 0249-00 

12. Aapter, BNC (F) to GR 874. Tektronix Part No. 
017-0063-00. 

13. Adapter, 3 mm (M) to BNC (F). Tektronix Part 
No. 015-1018-00, supplied with the 7T1 1 . 

14. 50 n coaxial cable about 4 feet long with BNC 
connectors, for example, RG58C/U cable, Tektronix 
Part No. 012-0057-01. 

15. 50 coaxial cable with GR 874 connectors, 
such as 5 ns signal delay RG58C/U cable, Tektronix 
Part No. 017-0512-00. 

16. Screwdriver. Three-inch shaft, 3/32-inch bit for 
slotted screws. Tektronix Part No. 003-0192-00. 

17. Extender, Tektronix Calibration Fixture 
067589-00. 

18. Special cable assembly, RF, about 36 inches 
in length with mini-coaxial connectors. Tektronix Part 
No. 012-0203-00. 

19. Patch cord with insulated aligator clips. 



SHORT-FORM PROCEDURE 

7S1 1 , Serial Number 

Calibration Date 

Calbrated By 

1 . Check -12.2-Volt Power Supply I Page 6-5l 
-12.2 volts + 0.24volt ; ripple 1 mV P-P or less. 

2. Check Interdot Blanking I Page 6-6l 

Blanking Pulse width between 0.75 5 and 2 qs at 
the 50% amplitude, SN B101608 and below. 7 qs to 
9.5 qs at the 50% amplitude, SN B1 01 609 and up. 

3. Check Dot Response and , I Page 6-7| 

Smoothing Adjust Gain 

DOT RESPONSE control can set the display to 
unit loop gain in NORMAL operation; loop gain 
decreases to 0.3 or less of NORMAL in SMOOTH 
operation. 

4. Adjust Memory Gate Width I Page 6-7l 

(R460) and Memory Gain (C275) With Normalizer 

Head Memory Gate Width control to given 
maximum trace separation and Memory Gain 
control for 5 division trace separation with the DOT 
RESPONSE control set at electrical midrange. 

5. Adjust Memory Gate Width I Page 6-8l 

(R460) and Memory Gain (C275) with Sampling Head 

Memory Gate between 160 ns and 180 ns, 50% 
amplitude level; Memory Gain set for 5 division 
trace separation with a 400 mV error signal at test 
point 121 . 

6. Adjust Variable Balance (R305) I Page 6-9l 

and Smoothing Balance (R245) 

No trace movement with VARIABLE control 
rotation or when SMOOTH switch is pushed. 

7. Check Deflection Factor, I Page 6-101 

Accuracies, Variable Control Range, and Adjust Gain 

Unit/Div switch setting amplitude correct within 3% 
with the GAIN set any switch setting VARIABLE 
control at CAL; VARIABLE control increases the 
deflection amplitude 2.5 time or more at fully 
clockwise setting and decreases the deflection 
amplitude to 0.5 m less at fully counterclockwise 
setting. 

REV B, OCT. 1975 
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8. Check Memory Overdrive Recovery I Page 6-TTI 

Baseline (unity loop gain indication) shift at 10 mV/div 
not more than 1 div with about 8 times the normal 
signal displayed. 

9. Check Vertical Signal Out I Page 6-1 Tl 

Signal Input in volts, 

Output is 200 X Units /Div , ±2%. 

Output is 200 mV (within 3%) per displayed division in 
+UPor INVERT. 

10. Check Vertical Gain Change in I Page 6-1 Tl 

SMOOTH 

Vertical gain change in SMOOTH operation within 3% 
of NORMAL operation 

1 1 . Check Memory Slash I Page 6-1 Tl 

Vertical amplitude of slash at 20 Hz is 0.1 division or 
less. 

12. Check Delay I Page 6-1^ 

Displayed range of DELAY control is at least 10 ns. 

13. Check/ Adjust Real Time Sampling I Pace 6-1^ 
(R415) 

Repetition rate is 47.5 kHz within 10%, frequency 
modulated; EM rate between 120 Hz and 440 Hz; EM 
deviation within 8% of the repetition rate. 

14. Check DC Offset and Adjust Position I Pace 6-121 
(R325) 

Displayed range of DC OFFSET control +1 volt and 
-1 volt or more; Offset voltage range at OFFSET OUT 
jack from at least +10 volts to -10 volts. Actual 
displayed offset = (0.1) (Offset Out) within 2%. 

15. Check Real-Time Trigger Amplifier Out- I Page 6-141 
put 

(0.1) (Memory Output) 

PERFORMANCE CHECK/ 

CALIBRATION PROCEDURE 

General 

The following procedure is arranged so the 7S1 1 can 
be calibrated with the least interaction of adjustments and 
reconnection of equipment A picture of the test 



equipment required for each group of steps is given to 
aid in identification of the necessary equipment. The 
control settings and test equipment setup throughout 
this procedure continue from preceding step(s) unless 
noted otherwise. 

NOTE 

Control titles which are printed on the front panel o1 
the 7S11 are capitalized in this procedure (e.g., 
DELAY. Internal adjustments are initial capitalizeO 
only (e.g., Position). 

The following procedure uses the equipment listed 
under Test Equipment Required. If other equipment is 
substituted, control settings or calibration setup may 
need to be altered to meet the requirements of the 
equipment used. Detailed operating instructions for the 
test equipment are not given in this procedure. Refer 
to the instruction manual for the test equipment if more 
information is required. 

NOTE 

Many tolerances given in this procedure are 
guides to correct instrument operation and are not 
instrument specifications. 

Preliminary Procedure 

Before installing the 751 1 in the oscillosope, check 
the source resistance of the Offset Out and Vert Sig 
Out jacks. 

NOTE 

This preliminary Procedure may be omitted if this 
verification is not required. 

The Offset Out jack resistance must be 10 kn 
±1%, (9.9kato 10.1 kil). 

a. Ground test point 163, see I Fig. 6^ Use a DC 
resistance bridge and measure the DC source 
resistance at the OFFSET OUT jack. 

b. Ground test point 264, see Fig. 6-1 . 1 Measure 
the DC source resistance at the VERT SIG OUT jack 
with the DC resistance bridge. 

The Vert Sig Out jack resistance must be 10 ki2 
±0.5% (9.95 k±2 to 10.05 kn). 

Performance Check 

Install the 7T11 in the A HORIZ compartment of 
the 7504 Oscilloscope and the 7S1 1 (with a calibrated 
sampling head installed) in the RIGHT VERT 
compartment. 

Begin the performance check with step 3. 
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Fig. 6-1. Vertical circuit board location of grounded 
test points for output jack resistance measurement. 

Calibration Procedure 

a. Assemble the extender, the 7S1 1 and 7T1 1 at 
the 7504 Oscilloscope. Remove t he minico axial 
connector at the top of the 7T11 fsee l Flo. 6^ and 
insert the special mini-coaxial cable through the 
chassis (so the 7T11 can be installed in the 
oscilloscope) and connect it to the connector. Place 
the disconnected cable within the chassis and tape 
the connector to avoid contact with components. 
Remove the mini-coaxial connector on the 7S11 left 
side (Inter-Channel Control circuit board) and 
connect the special cable. This completes the 
oscillator control and strobe drive circuits. The 7S1 1 
INT TRIG lamp will not be on when the 7T1 1 is at Int 
trigger. 

b. Install the 7T1 1 in the A HORIZ compartment 
of the oscilloscope. Connect the 7S1 1 to the solid or 
flexible extender, then install the extender in the 
RIGHT VERT compartment. 

c. Install the Type S-1 Sampling Head in the 
7S11. 

Both Procedures 

a. Install the 7A13 in the Oscilloscope Left Vert 
compartment and the 7B50 in the B HORIZ 
compartment. 

b. Make all power connections. Turn on the 
power to all equipment. Allow 20 minutes warmup 
time before proceeding. Set the controls as listed 
under Preliminary Control Settings. 



Preliminary Control Settings 

Set the 7S1 1 controls as follows: 



DELAY 

+UP 

DC OFFSET ±1 Vand FINE 

mVOLTS/DIV 

VARIABLE 

DOT RESPONSE 

NORMAL 



Midrange 
Pushed in 
Midrange 
50 

Pushed in 
Midrange 
Pushed in 



Set the 7T1 1 controls as follows: 



Time Position and Fine 

Sequential 

Sweep Range 

Time/Div 

Variable 

Scan 

Rep 

Slope -I- 

Trig Level 

Stability 

Trig Amp XI 

Ext 1 Mil 



Fully clockwise 
Pushed in 
5 ps 
0.5 ps 
Pushed in 
Fully clockwise 
Pushed in 
Pushed in 
Midrange 
Fully clockwise 
Pushed in 
Pushed in 



Set the 7504 Oscilloscope controls as follows: 



A Intensity 
Focus 

B Intensity 



Midrange 
Adjusted for well 
defined display 
Midrange 




Fig. 6-2. Special connections for calibration. 
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Readout 
Control Ilium 
Grat Ilium 
Calibrator 
Rate 

Set the 7A13 and 7B50 
as follows: 



As desired 
As desired 
As desired 
4 V (0.4 V Into 50 Q.) 

1 kHz 

(test oscilloscope) controls 



Comparison Voltage 
+lnput 
Vo Its/D I V 
BW 

TIme/D 
Trigger Mode 
Triggering Coupling 
Triggering Source 
Magnifier 



-0.000 Volts 
AC 
1 mV 
5 MHz 
10 ms 
P-P Auto 
AC 
Line 
X 



Set the 50 Q. Amplitude Calibrator as follows: 

Test-Operate Operate 

Volts 0.3 



1 . Check -1 2.2-Volt Power Supply 

PERFORMANCE CHECK ONLY 

Steps 1 and 2 are not applicable to the 
performance check. Set controls as given 
under Preliminary Control Settings anO 
begin the performance check with step 3. 

a. Test equipment required Is shown In i Fig. I 
6-3. Set the 7504 Oscilloscope Vertical Mode 
switch to Left and Horizontal Mode switch to B. 

b. Connect a IX probe from the -i- Input to 
Pin A at the sampling head connector, see l Flo. I 
6-4. 



NOTE 

The -122- Volt power supply voltage and 
ripple tolerance are typical values provided 
as guides to correct instrument operation 
and are not instrument specifications. Actual 
values may exceed these values without 
loss of measurement accuracy f the 
instrument meets the specifications given in 
\Sectlon A as tested in this procedure. 
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Fig. 6-4. Power supply checks. 

c. Check that the ripple is not more than 1 
mV peak to peak. 



d. Set the 7A13 Volts/Div to 50 mV and the 
Comparison Voltage to 12.00. Set the + Input to 
GND and position the trace at graticule center. 



e. Set the +lnput to DC and the -Input to Vc. 
Adjust the Comparison Voltage to position trace 
at graticule center and check that voltage is - 
1.244 to -1.196. 



f. Set H-Input and -Input put to GND and 
remove the probe. 



2. Check Interdot Blanking 

a. Change the 7A13 probe from IX to 10X and set 
the contols as follows: 

Volts/Div 1 0 mV 

H-Input AC 

b. Connect the 10X probe ground dip to a 7S11 
Ground test point and the probe tip to pin AC, see l Fig. I 

[ 63 ^. 



c. Set the 7504 Oscilloscope Vertical Mode switch 
to ALT. Set the 7T11 Sweep Range switch to 0.5 ms 
and the Time/Div switch to 5 ps. Set the 7T1 1 Stability 
control fully clockwise and the Trig Level control at 
midrange (dot straight up). 




A. 7S1 1 left side 




Fig. 6-5. Interdot blanking checks. 
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d. Set the 7B50 Time/Div switch to 1 /^s and adjust 
the Level/Slope control for a stable display similar to l Fig. I 

FFsB . 

e. Check the blanked trace (7S11) for 0.75 jus to 2 
^s, SN B101608 and below (7 /js to 9.5 fjs, SN B101609 
and up) as shown in IFia. 6-5~B . 

3. Check Dot Response and Smoothing 

a. Connect the 50 Q. Amplitude Calibrator Output to 
the Sampling Flead input connector through a 50 n 
coaxial cable and the Trigger Output to the 7T11 Trig 
Input connector through a 50 n coaxial cable and BNC 
to 3 mm adapter. 

b. Set the 7504 Vertical Mode switch to Right, 
Horizontal Mode switch to A, and A Trigger source 
switch to Right. 

c. Set the 7T11 Sweep Range switch to 50 jjs and 
the Time/Div switch to 2 jus. Push in the Ext 5 S 2 V 
Max switch. Obtain a stable display with the Stability 
control fully counterclockwise and the Trig Level control 
as needed. Center the positive level of the square wave 
on the graticule with the Time Position control. 

d. Set the 7S11 GAIN control for exactly 6 divisions 
of display amplitude. 

e. Observe the first dot at the front corner of the 
positive level as the DOT RESPONSE control is turned 
fully clockwise and fully counterclockwise, se d Fig. 

Check that the first dot moves more than 1 division 
above and below the positive level. 

f. Set the DOT RESPONSE control at unity loop 
gain, the first dot is at the same level as the positive 
level of the square wave. 

g. Push the SMOOTH switch in and check that the 
first dot on the rising portion of the waveform is less than 
1 .8 divisions from the negative level (0.3 of the 6 division 
display amplitude, i. e., loop g ain is reduced to 0.3 of 
unity loop gain). See lFig. 6^ . 

h. Push in the NORMAL switch. Set the 7T1 1 Scan 
control to about 9 o’clock. 



4 Adjust Memory Gate Width (R460 and Memory 
Gain (C275) With Normaiizer Head 

PERFORMANCE CHECK ONLY 

Steps 4, 5 and 6 are not applicable to a performance 
check. Set controls as given step and proceed 
with step 7. 

NOTE 

Steps 4 and 5 accomplish the same adjustments. If 
the Normaiizer Head is used, time saved and step 5 
can be disregarded. 

a. Remove the Type S-1 Sampling Head and install 
the Normaiizer Head, Tektronix Calibration Fixture 067- 
572-01 . 



Fig. 6-6. Dot response and smooth operation check. 

REV B, OCT. 1975 




A. DOT RESPONSE control fully counterclockwise, 
loop gain less than unity. 




B. Smoothed display. 
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b Set the 7S11 Units/Div switch to 100. Set the 
Normalizer Head Units/Div Muitipiier to XI and the Units 
switch to Voits. 

c. Set the 7T11 Sweep Range switch to 50 ms and 
the Tine/Div switch to 5 ms. Set the Stabiiity controi fuiiy 
ciockwise and the Trig Levei controi for a free-running 
dispiay. 

d. Adjust the Memory Gate Width controi, R46 0, for 
maximum verticai separation between traces. See l Fio.l 

I 6-71 for controi iocation. 

e. Set the DOT RESPONSE controi at eiectricai 
mid-range; turn the controi fuiiy ciockwise, note 
separation, turn controi fuiiy counterciockwise and note 
separation. Average the two noted separations and set 
the DOT RESPONSE for the average separation. (The 
knob dot shouid be at 12 o’ciock setting.) 

f. Adjust Memory Gain controi C275 for 5 divisions 
of verticai separation between traces. 

g Remove the Normaiizer iead. Instaii the Type S-1 
Sampiing Head. 

5. Adjust Memory Gate Width (R460) and Memory 
Gain (C275) With Sampling Head 

a. Connect the 50 Q. Ampiitude Caiibrator Output to 
the Sampiing Head input connector through a 50 GR 
874 coaxiai cabie and variabie attenuator. Set the Voits 
switch to 1 . 2 . 

b. Set the 7S11 Units/Div switch to 100. Set the 
7T11 Sweep Range to 5 ms, the Time/Div switch to 0.5 
ms, the Stabiiity controi fuiiy ciockwise and the Trig 
Levei controi for a free-running dispiay. 

c. Set the variabie attenuator for an appiied signai 
ampiitude of 5 divisions. Turning th e DOT RE SPONSE 
controi appears as extra iines, see l Fig. 6^^ . Set the 
DOT RESPONSE controi at eiectricai midrange; turn the 
controi fuiiy ciockwise, note separation of the extra iines 
of dots, turn controi fuiiy counterciockwise and note 
separation. Average the two noted separations and set 
the extra iines of dots at the average separation with the 
DOT RESPONSE controi. (Either the top or bottom trace 
can be used aione if the extra iines exceed the graticuie 
area in separation by noting the maximum above and 
beiow movement of the extra iines from one trace and 
setting the iines at the average.) 

d. Set the 7A13 Voits/Div switch to 100 mV and the 
BW switch to Fuii. Set the 7B50 Time/Div switch 0.1 ^s. 



Set the 7504 Verticai Mode switch to Left, the 
Horizontai Mode switch to B, and the B Trigger 
Source switch to Left Vert. 



e. Connect the 7A13 10X p robe to test point 
230, the Memory Gate Driver, se d Fia 6-71 

f. Obtain a stabie dispiay and center the 
waveform. Check that the Memory Gate is between 
160 ns and 180 ns wide at the 50% iest see l Fig. I 

g. Ad just the Memory Gate Width controi R460, 

I Fig. 6-7,1 for a Memory Gate between 160 ns and 

1 80 ns wide at the 50% ampiitude ievei. 

h. Connect the 7A13 10X probe to test point 
121, the Post Ampiifier Input, see I Fig 6-T1 and use 
a short ground lead (Tektronix Part No 175-0249- 
00) to minimize ringing. Set the 7A13 Voits/Div 
switch to 1 0 mV. 

i. Connect a IX probe from the 7B50 Ext Trig In 
connector to test point 230 and push the Ext 
Triggering Source switch. 

j. Remove 040, see l Fig. 6-71 , and obtain a 
stable, double-triggered display in such a manner 
that there are two, most defined, waveform traces, 
one positive and one negative, as shown in Fig. 6-8€ . 
If not, change the real-time oscillator frequency 

by adjusting R415. 



k. Set the variable attenuator at the Sampling 
Head input connector for a display 400 mV peak to 
peak (200 mV peak to peak if not a Type S-1 
Sampling Head), ignore ringing, and use a vertical 
graticule line to check the amplitude, about 80 ns to 
1 00 ns from the start of ringing. See Fig. 6-8(D . 



I. Set the 7504 Vertical Mode switch to Right 
and the Horizontal Mode switch to A. Check that 
the bright traces are 5 divisions apart 



m. A djust the Memory Gain control C275, see 
I Fig. 6-71, for 5 divisions se paration f 2.5 divisions if 
not a Type S-1), similar to lFio. 6-^ . 



n. Remove the probes and install Q404. See 
Step 13 for R415 adjustment. 
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KSi ^ 

Variable Bal 
R305 



230 

Memory Gate Driver 



264 Ji 

Memorv Output^ 



121 

Post Amplifier lr>putl 



Memory Gam 
C275 



Smoothii >9 Bal 
R245 



A. 7S11 left side ad|ustment 



B. 7S11 right side adiustnients 



Fig. 6-7. Test points and adjustments, steps 4 through 13. 



6. Adjust Variable Balance (R305) and Smoothing 
Balance (R245) 



a. Remove 0262 and 0266, the n short te st point 
264 to ground with a patch cord. See lFIg. 6^ 



b. Release the VARIABLE Units/Div control and 
rotate the control throughout its range. Check that the 
trace moves no more than 0.2 division vertically. 



c. Adjust Variable Bal control R305 for minimum 
trace shift as the VARI ABLE co ntrol is rotated 
throughout its range. Se ^ Fig. 6-7 for location of 
control. 

d. Return the VARIABLE control to the CAL IN 
position. Remove the patch cord and install transistors 
Q262 and 0266. 

e. Push the SMOOTH switch in and check for no 
trace movement. 
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Fig. 6-8. Memory Gate Width and Memory Gain 
adjustments with sampiing head. 



f. Adjust Smoothing Bal control R245 for no trace 
movement when either the NORMAL or SMOOTH 
switch is pushed. 

g. Push in the NORMAL switch. Disconnect the 
variable attenuator and cable at the sampling head input 
connector. 

7. Check Deflection Factor Accuracies, Variable 
Control Range and Adjust GAIN 

a. Set the 7511 Units/Div switch to 100 and apply 
0.6 volts from the 50 Q. Amplitude Calibrator to the 
sampling head input connector through a 50 n coaxial 
cable and connect a coaxial cable from the Amplitude 
Calibrator Trigger Output connector to the 7T11 Trig 
Input connector. 

b. Push the 7T1 1 Ext 50 2 V Max switch, set the 

Sweep Range switch to 50 gs and the Time/Div switch 
to 5 jjs. Obtain a stable display with the Trig Level 
control. 

c. Adjust the front panel GAIN control for a display 
amplitude of 6 divisions. 

Normal range of the GAIN control is from 6.4 
divisions, control fully clockwise, to 5.6 divisions, control 
fully counterclockwise (minimum range). 

d. C heck all po sitions of the attenuator switch, as 
listed in [Table 6-l1, for a 6 division display amplitude 
within a tolerance of ±0.18 division. 



Table 6-1. 



Units/Div 


50 n Amplitude 
Calibrator 


200 


1.2 V 


100 


.6 V 


50 


.3 V 


20 


.12V 


10 


.06 V 


5 


.03 V 


2 


.012 V 



NOTE 



Record defiections each case. If one range is 
above toierance, GAIN can be reduced t bring aii 
range within toierance without need for checking the 
Feedback Attenuator resistor vaiues. 



e. Set the Units/Div switch to 200 and the 50 
Amplitude Calibrator to 0.6 volts. Display amplitude is 3 
divisions. 

6-10 





Performance Check/Calibration-7S1 1 



f. Push the VARIABLE control to release it from the 
CAL IN position. Turn the VARIABLE control fully 
counterclockwise and check the display amplitude for 
1.5 

divisions or less. 

g. Turn the VARIABLE control fully clockwise and 
check the display amplitude for 7.5 divisions or more. 

h. Return the VARIABLE control to the CAL IN posi- 
tion. 

8. Check Memory Overdrive Recovery 

a. Set the 50 Q. Amplitude Calibrator Output Volts to 
0.03 and the 7S11 Unit/Div switch to 10. Set the 7T11 
Stability control fully clockwise and adjust the Trig Level 
control for a free running display. 

b. Set the DOT RESPONSE control so the display 
consists of two continuous lines 3 divisions apart 
(indication of unity loop gain). 

c. Set the 50 Q. Amplitude Calibrator Output Volts to 
0.3 and position the bottom of the display on the 
graticule with the DC OFFSET control. 

d. Observe that the continuous line may become two 
lines, indicating that the loop gain has changed. 

e. Check that the separation does not exceed 1 
division. 

9. Check Vertical Signal Out 

a. Set the 7S11 Units/Div switch to 100 and set the 
50 Q. Amplitude Calibrator Volts switch to 0.6. 

b. Set the 7504 Vertical Mode switch to Left and the 
Horizontal Mode switch to B. Set the 7B50 Time/Div 
switch to 5 ms. Set the 7A13 controls as follows: 



Comparison Voltage + 

+ Input DC 

Volts/Div 20 mV 

-Input Vc 



^IN (internal switch SI 0) °° 

c. Connect the IX probe from the 7A13 -i-Input to the 
7S11 VERT SIG OUT jack. Position the bottom of the 
signal at the center of the graticule with the 7S1 1 DC 
OFF-SET control. 



d. Set the 7A13 Comparison Voltage so the 
positive portion of the display (top of the square wave) 
is at the center of the graticule. 

e. Check that the Comparison Voltage is 1 .2 volts 
± 2 % 

(1.176 to 1.224), which is 200 mV per division of 
display amplitude. 

f. Disconnect the probe. Set the 7A13 -Input 
switch to 

GND. 

10. Check Vertical Gain Change in SMOOTH 

a. Set the 7504 Vertical Mode switch to Right and 
the Horizontal Mode switch to A. 

b. Use the 600 mV from the 50 ,0 Amplitude 
Calibrator at the 100 Units/Div switch setting from the 
preceding step. 

c. Push the SMOOTH switch. 

d. Check that the peak amplitude does not 
decrease more than 3% (0.2 division of the 6 division 
display). Ignore any rolloff at the leading portion of the 
display. 

If the display amplitude changes more than minus 
3%, the Memory amplifier internal gain (open loop 
gain) is lower than it should be. Check R248 and/or 
transistors 0242, 0252 and 0256. 

e. Reset the NORMAL switch. Disconnect the 
input signal and trigger signal. 

11. Check Memory Slash 

a. Set the 7T1 1 Stability control fully clockwise and 
the Trigger Level Control for a free-running trace. 

b. Turn the Trigger Level control counterclockwise 
to stop triggering. The trace will blank for about 3 
seconds, then unblank; observe the dot vertical 
movement. 

c. Check that the dot movement in the vertical 
direction does not exceed 2 divisions in 1 second 
(count one thousand and one). 

PERFORMANCE CHECK ONLY 

The remainder of the procedure requires access to 

internai test points and controis and is therefore 

part of the Caiibration Procedure oniy. 
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12. Check Delay 

a. Set the 7504 Vertical Mode switch to Left and the 
Horizontal Mode switch to B. Connect the IX probe at the 
7B50 Ext Trig In connector. 

b. Set the 7A13 +lnput to AC and the Volts/Div switch to 
0.1 V. Connect the 10X probe at the +lnput and the probe tip 
to test point 230, Memory Gate Driver. 

c Set the 7T11 in a teal time mode (SWEEP RANGE 
switch in .5 ms; 5 ms or 50 ms position). Connect the IX 
probe to the collector of 0422 (7S1 1 ). 

d. Set tie 7B50 Time/Div switch to 0.05 jjs and Trigger- 
ing Source switch to Ext. Obtain a stable display, then push 
the Magnifier XI 0 switch. Observe the falling portion of the 
Memory Gate signal; the horizontal position is affected by the 
Triggering Level/Slope control. 

e. Turn the 7S11 DELAY control fully counterclockwise 
and check that the falling portion moves to the right at least 
10 ns. Se ^ Fig. GTqI 

f. Disconnect the probes. Install 0404. 



c. Obtain a stable display and check that the 
repetition rate is 47.5 kHz ±10%, displayed as a 
period of 19 /./s to 23 s, measured between pulse 
group centers. Se d Fig. 6-1 OA . 

d. Adjust Rep Rate cont rol R415 for a period 
between 19 IJS and 23 jjs. Se b Fia. ^ f or location. 
See NOTE in Real Time Sampling on I page 2-71 
regarding this adjustment for Type S-5 Sampling 
Head use. 

e Change the 7B50 Time/Div to 2 ^s. Align the 
second pulse at the center graticule line with the 
Variable Time/Div control. 

f. Check that the FM deviation is within 5% and 
15% of the repetition rate, determined by measuring 
the width of the pulses at graticu le center and 
dividing by 5 divisions. See lFio. 6-1 OB . 

g. Set the 7B50 Variable Time/Div control to 
Calibrated and set the Time/Div switch to 1 ms. 

h. Place the 10X probe tip at the emitter of 0408. 
Obtain a stable display. 



13. Check/ Adjust Real Time Sampling (R415) 

a. Set the 7A13 Volts/Div switch to 0.2 V, the 7B50 
Triggering Source switch to Int, and the Time/Div switch to 

^0|JS. 

b. Connect the 7A1 3 1 0X probe to test point 230, see lFio.l 

6-7. 




Fig. 6-9. Delay control range check. 



i. Check that the FM rate is between 120 Hz and 
440 Hz, dis played as a period between 8.3 ms and 
2.3 ms. Se d Fig. 6-1 0(C . 

j. Remove the probe tip. 

14. Check DC Offset and Adjust Position (R325) 

a. Set the 7504 Vertical Mode switch to Right and 
the Horizontal Mode switch to A. 

b. Set the 7511 Unit/Div switch to 100. Connect 
the 50 Q. Amplitude Calibrator Output to the sampling 
head input connector through a 50 n coaxial cable. 
Set the Volts switch to 0.3. Connect the Trigger 
Output to the 7T1 1 Trig Input connector through a 50 
Q. coaxial cable and BNC to 3 mm adapter. 

c. Set the 7T11 Sweep Range switch to 50 gs 
and the Time/Div switch to 5 gs. Set the Trig Level 
control for a stable display. 

d. Set the 7504 Vertical Mode switch to Chop. 
Set the 7A13 Comprison Voltage to -0000, Volts/Div 
switch to 50 mV, -i-Input switch to DC, -Input to Vc. 
The '^IN is infinite (internal switch S10). Connect the 
IX probe to the -nlnput. Connect the probe tip to the 
7S11 OFFSET OUT 
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Fig. 6-10. Real-time sampling checks. 

jack. Set the 7S11 DC OFFSET control for zero volts 
out; position the trace at graticule center. 



e. Adjust Position control R325, shown In IFIg. 6-1 1 1 
to move the top of the displayed 7S1 1 signal to the 
center of the graticule. 

f. Set the 7S11 UnIts/DIv switch to 5 and use the 
Position control to again set the top of the displayed 
signal to the center of the graticule. 

g. Turn the DC OFFSET control clockwise until the 
bottom of the 7S1 1 signal Is displayed at the center of 
the graticule. 

h. Measure the OFFSET OUT voltage. Set the 7A13 
Comparison Voltage Fine control to return the trace to 
the center of the graticule. OFFSET OUT voltage must 
be 2.94 to 3.06 volts (3 volts ± 2%). 

I. Set the DC OFFSET control fully clockwise and 
check that the OFFSET OUT voltage Is at least minus 

10 volts. 

j. Set the 7A13 Comparison Voltage to +, turn the 
7S1 1 DC OFFSET control fully counterclockwise, and 
check for at least plus 10 volts at the OFFSET OUT 
jack. 

k. Disconnect the square wave signal. 

l. Set the 7S1 1 UnIt/DIv witch to 200 and set the 7T 

1 1 Stability control fully clockwise for a free-running 
trace. 




Fig. 6-11. Control and test point locations 
(7S1 1 right side) for DC OFFSET and real-time 
trigger checks. 
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m. Set the DC OFFSET control for zero volts at the 
OFFSET OUT jack. Set the Positon control, R325, so 
the trace Is 3 divisions below the center graticule line. 

n. Turn the DC OFFSET control fully clockwise 
and check that the trace moves at least 5 divisions 
upward. 

0 . Reset the DC OFFSET control for zero volts at 
the OFFSET OUT jack. Set the Position control, 
R325, so the trace Is 3 divisions above the center 
graticule line. 

p. Turn the DC OFFSET control fully 
counterclockwise and check that the trace moves at 
least 5 divisions downward. 

q. Reset the DC OFFSET control for zero volts at 
the OFFSET OUT jack. 

r. Adjust the Position control so the trace Is at the 
center graticule line. 

Normal centering range of the Position control Is at 
least +3 divisions to -3 divisions from graticule center. 

s. Disconnect the 1X probe tip. Set the 7504 
Vertical Mode switch to Right. 



15. Check Real-Time Trilqer Amplifier Output 

a. Connect the 50 Q. Amplitude Calibrator Output 
to the sampling head Input connector through a 50 
coaxial cable. 

b. Turn the Stability control fully counterclockwise 
and set the Trig Level control for a stable display. 

c. Set the 50 Amplitude Calibrator Volts switch 
to 0.12 and the 7S1 1 UnIts/DIv switch to 20. 

d. Set the 7504 Vertical Mode switch to Left, the 
7A13 -Input to GND, and RIN (S10 Internal) to 1 Mi2. 

e. Measure the signal amplitude at -i-TrIgger and - 
Trigger pins wi th the IX probe and add the two 
amplitudes. See l Fig. 6-1 1 1 

f. Check that the differential amplitude Is 300 mV 
± 10 %. 

g. Disconnect the square wave signal and the IX 
probe. 
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ELECTRICAL PARTS LIST 



7S11 



Ckt Tektronix Serial/Model No. 

No. Part No. Eff Disc Description 

CHASSIS 



CAPACITORS 


Cl 49 


283-0103-00 




CONNECTORS 


J100 


131-0410-00 




J120 


131-0581-00 




J165 


131-0779-00 




J166 


131-0779-00 




J269 


131-0779-00 




RESISTORS 


R143 


311-0095-00 




R145A 


321-0193-00 




R145B 


321-0231-00 




R145C 


321-0260-00 




R145D 


321-0289-00 




R145E 


321-0327-00 




R145F 


321-0356-00 




R145G 


321-0385-00 




R147A 


321-0450-01 




R147B 


321-0760-01 




R147C 


321-0759-01 




R147D 


321-0354-01 




R147E 


321-0757-01 




R147F 


321-0758-01 




R147G 


321-0258-01 




R149 


321-0354-01 




R15V 


311-0965-00 


B010100 


R15V 


311-1162-00 


B060000 


R151 


311-1591-00 


B090000 


R153 


315-0273-00 




R154 


315-0273-00 




R156 


315-0101-00 




R157^ 


311-0965-00 


B010100 


R157^ 


311-1162-00 


B060000 


R157^ 


311-1591-00 


B090000 


R158 


315-0821-00 




R345 


311-0258-00 




R440 


311-0310-00 




R522 


321-0402-00 




R523 


321-0344-00 





^R151 and R157 furnished as a unit. 



180pF, Cer, 500V, 5% 



Cannon series #DM53741-5001 

Receptacie, eiectricai 

Jack 

Jack 

Jack 



500 OHM, Var 
Ik OHM, 0.1 25W, 1% 

2.49k OHM, 0.1 25W, 1% 
4.99k OHM, 0.1 25W, 1% 

10k OHM, 0.1 25W, 1% 

24.9k OHM, 0.125W, 1% 
49.9k OHM, 0.125W, 1% 
100k OHM, 0.1 25W, 1% 

475k OHM, 0.1 25W, 0.50% 
189.9k OHM, 0.125W, 0.50% 

95k OHM, 0.1 25W, 0.50% 
47.5k OHM, 0.125W, 0.50% 
18.99k OHM, 0.125W, 0.50% 
9.5k OHM, 0.1 25W, 0.50% 
4.75k OHM, 0.1 25W, 0.50% 

47.5k OHM, 0.1 25W, 0.50% 
B059999 10k OHM, Var 

B089999 lOkOKX, Var 

10k OHM, Var 
27k OHM, 0.25W, 5% 

27k OHM, 0.25W, 5% 

100 OHM, 0.25W, 5% 
B059999 10k OHM, Var 

B089999 10k OHM, Var 

10k OHM, Var 

820 OHM, 0.25W, 5% 

100 OHM, Var 
5k OHM, Var 
150k OHM, 0.1 25W, 1% 
37.4k OHM, 0.1 25W, 1% 
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CHASSIS (cent) 

Ckt Tektronix Serial/Model No. 

No. Part No. Eff Disc Description 

RESISTORS (cont) 



R524 


321-0373-00 


75k OHM, 0.1 25W, 1% 


R525 


321-0402-00 


150k OHM, 0.1 25W, 1% 


SWITCHES 


S146 


262-0894-00 


Rotary, Units/Div (Wired) 


S146 


260-1090-00 


Rotary, Units/Div 




670-1088-00 


VERTICAL Circuit Board Assembly 

Compiete Board 


CAPACITORS 


C120 


283-0059-00 


luF, Cer, 25V, -h80%-20% 


C127 


283-0051-00 


0.0033UF, Cer, 100V, 5% 


Cl 34 


283-0059-00 


luF, Cer, 25V, -h8C%-20% 


Cl 39 


283-0000-00 


0.001 uF, Cer, 500 V, -r100%-0% 


C160 


283-0026-00 


0.2uF, Cer, 25V, -r80%-20% 


C161 


283-0059-00 


luF, Cer, 25V, -h80%-20% 


C166 


283-0000-00 


0.001 uF, Cer, 500V, -r100%-0% 


C201 


283-0059-00 


luF, Cer, 25V, -h80%-202 


C216 


283-0059-00 


luF, Cer, 25V, -h80%-20% 


C219 


283-0032-00 


470pF, Cer, 500V, 5% 


C221 


283-0059-00 


luF, Cer, 25V, -r80%-20% 


C234 


283-0059-00 


luF, Cer, 25V, -r80%-20% 


C239 


283-0594-00 


0.001 uF, Mice, 100V, 1% 


C245 


283-0023-00 


0.01 uF, Cer, 10V, -h80%-20% 


C256 


281-0579-00 


21 pF, Cer, 500V, 5% 


C261 


283-0059-00 


luF, Cer, 25V, -h80%-20% 


C267 


283-0059-00 


luF, Cer, 25V, 480%-20% 


C269 


283-0103-00 


180pF, Cer, 500V, 5% 


C272 


283-0026-00 


0.2uF, Cer, 25V, -r80%-20% 


C274 


283-0026-00 


0.2uF, Cer, 25V, -r80%-20% 


C275 


281-0092-00 


9-34pF, Var, Cer 


C276 


283-0600-00 


43pF, Mica, 500V, 5% 


C341 


283-0060-00 


lOOpF, Cer, 200V, 5% 


C602 


283-0004-00 


0.02uF, Cer, 150V 


C603 


290-0134-00 


22uF, Eiect. 15V, 20% 


C604 


290-0134-00 


22uF, Eiect., 15V, 20% 


C605 


283-0059-00 


luF, Cer, 25V, -h80%-20% 


C606 


283-0059-00 


luF, Cer, 25V, -h80%-20% 


C607 


290-0134-00 


22uF, Eiect., 15V, 20% 
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VERTICAL Circuit Board Assembly 



Ckt 


Tektronix 


Serial/Model 


No. 




No. 


Part No. 


Eff 


Disc 


Description 


CAPACITORS (cont) 
C608 


290-0134-00 






22uF, Elect., 15V, 20% 


C609 


283-0059-00 






luF, Cer, 25V, -h80%-20% 



DIODES 


CR128 


152-0185-00 


Silicon, replaceable by 1N4152 


CR201 


152-0185-00 


Silicon, replaceable by 1N4152 


CR206 


152-0185-00 


Silicon, replaceable by 1N4152 


VR221 


152-0226-00 


Zener, 1N751A, 400 mW, 5.1V, 5 


CR224 


152-0185-00 


Silicon, replaceable by 1N4152 


CR226 


152-0185-00 


Silicon, replaceable by 1N4152 


CR232 


152-0185-00 


Silicon, replaceable by 1N4152 


CR236 


152-0185-00 


Silicon, replaceable by 1N4152 


CR237 


1 52-0323-00 


Silicon, Tek Spec 


CR238 


152-0185-00 


Silicon, replaceable by 1N4152 


CR239 


152-0323-00 


Silicon, Tek Spec 


CR242 


152-0185-00 


Silicon, replaceable by 1N4152 


CR257 


152-0185-00 


Silicon, replaceable by 1N4152 


CR259 


152-0185-00 


Silicon, replaceable by 1N4152 


CR272 


1 52-0323-00 


Silicon, Tek Spec 


CR274 


1 52-0323-00 


Silicon, Tek Spec 


CR506 


152-0185-00 


Silicon, replaceable by IN4152 


INDUCTORS 


L268 


120-0402-00 


Toroid, 3 turns single 


L603 


120-0382-00 


Toroid, 14 turns single 


L604 


120-0382-00 


Toroid, 14 turns single 


L607 


120-0382-00 


Toroid, 14 turns single 


L608 


120-0382-00 


Toroid, 14 turns single 


TRANSISTORS 


0123 


151-0192-00 


Silicon, replaceable by MPS 6521 


0128 


151-0188-00 


Silicon, 2N3906 


0133 


151-0190-00 


Silicon, 2N3904 


0136 


151-0188-00 


Silicon, 2N3906 


0163 


151-0190-00 


Silicon, 2N3904 


0204 


151-0190-00 


Silicon, 2N3904 


0208 


151-0190-00 


Silicon, 2N3904 


0212 


151-0190-00 


Silicon, 2N3904 


0214 


151-0188-00 


Silicon, 2N3906 


0242 


151-1037-00 


Silicon, Dual, FET 


0252 


151-0261-00 


Silicon, Dual, Tek Spec 


0256 


151-0188-00 


Silicon, 2N3906 
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VERTICAL Circuit Board Assembly (cont) 



Ckt Tektronix Serial/Model No. 



No. Part No. Eff 



TRANSISTORS (cont) 


0262 


151-0190-00 


q266 


151-0188-00 


0314 


151-0192-00 


0334 


151-0192-00 


0344 


151-0216-00 


0354 


151-0216-00 


0362 


151-0216-00 


0366 


151-0216-00 


0502 


151-0188-00 


0506 


151-0190-00 


0508 


151-0188-00 


0512 


151-0188-00 


0516 


151-0281-00 


0518 


151-0281-00 


RESISTORS 


R121 


321-0093-00 


R123 


315-0183-00 


R125 


315-0752-00 


R127 


321-0154-00 


R129 


315-0512-00 


R130 


315-0101-00 


R133 


315-0101-00 


R134 


315-0153-00 


R135 


315-0153-00 


R136 


315-0101-00 


R137 


315-0101-00 


R138 


321-0263-00 


R161 


315-0101-00 


R162 


315-0101-00 


R163 


315-0123-00 


R165 


321-0316-00 


R166 


321-0289-00 


R202 


321-0391-00 


R204 


315-0183-00 


R206 


315-0122-00 


R207 


315-0101-00 


R208 


315-0512-00 


R209 


321-0306-00 


R211 


315-0101-00 


R213 


315-0101-00 



Disc Description 



Silicon, 2N3904 
Silicon, 2N3906 

Silicon, replaceable by MPS 6521 
Silicon, replaceable by MPS 6521 
Silicon, replaceable by MPS 6523 

Silicon, replaceable by MPS 6523 
Silicon, replaceable by MPS 6523 
Silicon, replaceable by MPS 6523 
Silicon, 2N3906 
Silicon, 2N3904 

Silicon, 2N3906 
Silicon, 2N3906 
Silicon, Tek Spec 
Silicon, Tek Spec 



90.9 OHM, 0.125W, 1% 
18k OHM, 0.25W, 5% 
7.5k OHM, 0.25W, 5% 
392 OHM, 0.125W, 1% 
5.1k OHM, 0.25W, 5% 

100 OHM, 0.25W, 5% 
100 OHM, 0.25W, 5% 
15k OHM, 0.25W, 5% 
15k OHM, 0.25W, 5% 
100 OHM, 0.25W, 5% 

100 OHM, 0.25W, 5% 
5.36k OHM, 0.125W, 1% 
100 OHM, 0.25W, 5% 
100 OHM, 0.25W, 5% 
12k OHM, 0.25W, 5% 

19.1k OHM, 0.125W, 1% 
10k OHM, 0.1 25W, 1% 
115k OHM, 0.1 25W, 1% 
18k OHM, 0.25W, 5% 
1.2k OHM, 0.25W, 5% 

100 OHM, 0.25W, 5% 
5.1k OHM, 0.25W, 5% 
15k OHM, 0.125W, 12 
100 OHM, 0.25W, 5Z 
100 OHM, 0.25W, 5% 
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Ckt 

No. 



RESISTORS (cont) 

R214 

R216 

R218 

R219 

R221 

R222 

R224 

R226 

R229 

R231 

R234 

R242 

R244 

R245 

R245 

R246 

R248 

R253 

R257 

R258 

R259 

R261 

R264 

R266 

R267 

R268 

R269 

R271 

R272 

R274 

R275 

R301 

R302 

R303 

R304 

R305 

R311 

R312 

R314 

R316 

R317 

R319 

R321 



VERTICAL Circuit Board Assembly (cont) 



Tektronix 
Part No. 


Serial/Model 

Eff 


No. 

Disc 


Description 


315-0220-00 

315-0752-00 

315-0752-00 

315-0101-00 

321-0245-00 






22 OHM, 0.25W, 5% 

7.5k OHM, 0.25W, 5% 
7.5k OHM, 0.25W, 5% 
100 OHM, 0.25W, 5% 
3.48k OHM, 0.125W, 1% 


321-0245-00 

321-0231-00 

321-0231-00 

315-0102-00 

315-0102-00 






3.48k OHM, 0.1 25W, 1% 
2.49k OHM, 0.125W, 1% 
2.49k OHM, 0.125W, 1% 
Ik OHM, 0.25W, 5% 

Ik OHM, 0.25W, 5% 


315-0100-00 

321-0328-00 

315-0432-00 

311-0732-00 

311-1263-00 

315-0432-00 

315-0106-00 

315-0101-00 

315-0241-00 

315-0241-00 

315-0243-00 


B010100 

B060970 


B060969 


10 OHM, 0.25W, 5% 
25.5k OHM, 0.1 25W, 1% 
4.3k OHM, 0.25W, 5% 

Ik OHM, Var 
Ik OHM, Var 
4.3k OHM, 0.25W, 5% 

10 M OHM, 0.25W, 5% 
100 OHM, 0.25W, 5% 
240 OHM, 0.25W, 5% 
240 OHM, 0.25W, 5% 
24k OHM, 0.25W, 5% 


315-0101-00 

315-0101-00 

315-0101-00 

315-0101-00 

321-0745-03 






100 OHM, 0.25W, 5% 

100 OHM, 0.25W, 5% 

100 OHM, 0.25W, 5% 

100 OHM, 0.25W, 5% 

25.05k OHM, 0.1 25W, 0.25% 


321-1310-03 

321-0360-00 

321-0283-00 

321-0283-00 

321-0360-00 






16.7k OHM, 0.1 25W, 0.25% 
54.9k OHM, 0.1 25W, 1% 
8.66k OHM, 0.125W, 1% 
8.66k OHM, 0.125W, 1% 
54.9k OHM, 0.1 25W, 1% 


315-0105-00 

315-0512-00 

315-0512-00 

315-0105-00 

311-0831-00 






1 M OHM, 0.25W, 5Z 
5.1k OHM, 0.25W, 5% 
5.1k OHM, 0.25W, 5% 
1 M OHM, 0.25W, 5% 
100k OH-, Var 


321-0207-00 

321-0234-00 

321-0194-00 

321-0371-00 

321-0372-00 






1.4k OHM, 0.1 25W, 1% 
2.67k OHM, 0.1 25W, 1% 
1.02k OHM, 0.1 25W, 1% 
71 .5k OHM, 0.125W, 1% 
73.2k OHM, 0.1 25W, 1% 


315-0243-00 

321-0251-00 






24k OHM, 0.25W, 5% 
4.02k OHM, 0.1 25W, 1% 
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Ckt 

No. 



RESISTORS (cont) 

R322 

R325 

R326 

R332 

R334 

R336 

R337 

R339 

R343 

R344 

R346 

R353 

R356 

R362 

R363 

R365 

R366 

R368 

R501 

R502 

R503 

R504 

R505 

R506 

R508 

R509 

’515 

R516 

R517 

R518 

R602 

R605 

R606 

R609 



TRANSFORMER 

T230 



VERTICAL Circuit Board Assembly (cont) 

Tektronix Serial/Model No. 

Part No. Eff Disc Description 



321-0191-00 


953 OHM, 0.125W, 1% 


311-0883-00 


50k OHM, Var 


321-0191-00 


953 OHM, 0.1 25W, 1% 


315-0684-00 


680k OHM, 0.25W, 5% 


321-0194-00 


1.02k OHM, 0.1 25W, 1% 


321-0371-00 


71 .5k OHM, 0.1 25W, 1% 


321-0372-00 


73.2k OHM, 0.125W, 1% 


315-0243-00 


24k OHM, 0.25W, 5% 


321-0238-00 


29.4k OHM, 0.1 25W, 1% 


321-0146-00 


324 OHM, 0.125W, 1% 


321-0209-00 


1.47k OHM, 0.1 25W, 1% 


321-0238-00 


2.94k OHM, 0.1 25W, 1% 


321-0209-00 


1.47k OHM, 0.1 25W, 1% 


321-0222-00 


2k OHM, 0.1 25W, 1% 


321-0251-00 


4.02k OHM, 0.125W, 1% 


321-0251-00 


4.02k OHM, 0.1 25W, 1% 


321-0222-00 


2k OHM, 0.1 25W, 1% 


321-0150-00 


357 OHM, 0.125W, 11 


315-0683-00 


68k OHM, 0.25W, 5% 


315-0104-00 


100k OHM, 0.25W, 5% 


315-0474-00 


470k OHM, 0.25W, 5% 


317-0105-00 


1 M OHM, 0.1 25W, 5% 


315-0154-00 


150k OHM, 0.25W, 5% 


321-0399-00 


140k OHM, 0.1 25W, 1% 


321-0373-00 


75k OHM, 0.1 25W, 1% 


315-0105-00 


1 M OHM, 0.25W, 5% 


321-0223-00 


2.05k OHM, 0.125W, 1% 


321-0299-00 


12.7k OHM, 0.125W, 1% 


321-0346-00 


39.2k OHM, 0.125W, 1% 


321-0346-00 


39.2k OHM, 0.1 25W, 1% 


315-0101-00 


100 OHM, 0.25W, 5% 


315-0101-00 


100 OHM, 0.25W, 5% 


315-0101-00 


100 OHM, 0.25W, 5% 


315-0101-00 


100 OHM, 0.25W, 5% 


120-0547-00 


Toroid, four 15 turn windings 
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INTER-CHANNEL CONTROL Circuit Board Assembly 



Ckt 

No. 


Tektronix 
Part No. 


Serial/Model 

Eff 


No. 

Disc 


Description 




670-1089-00 


B010100 


B049999 


Complete Board 




670-1089-01 


B050000 


B079999 


Complete Board 




670-1089-02 


B080000 


B099999 


Complete Board 




670-1089-03 


B1 00000 




Complete Board 


CAPACITORS 










Cl 59 


283-0026-00 






0.2uF, Cer, 25V, -h80%-20% 


C406 


283-0059-00 






luF, Cer, 25V, -h80%-20% 


C411 


283-0065-00 






0.001 uF, Cer, 100 V, 5% 


C414 


283-0081-00 






0.1 uF, Cer, 25V, -h80%-20% 


C418 


283-0054-00 






150pF, Cer, 200V, 5% 


C423 


283-0060-00 






lOOpF, Cer, 200V, 5% 


C427 


283-0060-00 






lOOpF, Cer, 200V, 5% 


C431 


283-0032-00 






470pF, Cer, 500V, 5% 


C432 


283-0175-00 


XB1 00000 




1 0pF, Cer, 200V, 5% 


C434 


283-0109-00 






27pF, Cer, 1000V, 5% 


C444 


283-0032-00 






470pF, Cer, 500V, 5% 


C447 


283-0115-00 






47pF, Cer, 200V, 5% 


C449 


283-0059-00 






luF, Cer, 25V, -r80%-20% 


C451 


283-0032-00 






470pF, Cer, 500V, 5% 


C457 


283-0103-00 






180pF, Cer, 500V, 5% 


C460 


283-0109-00 






27pF, Cer, 1 0OOV, 5% 


C471 


281-0579-00 


B010100 


B099999 


21 pF, Cer, 500V, 5% 


C471 


281-0605-00 


B1 00000 




200pF, Cer, 500V, 5% 


C476 


283-0060-00 


B010100 


B099999X 


1 0OpF, Cer, 200V, 5% 


C479 


283-0060-00 


B010100 


B099999X 


1 0OpF, Cer, 200V, 5% 


C621 


283-0059-00 






luF, Cer, 25V, -h80%-20% 


C629 


290-0134-00 






22uF, Elect., 15V, 20% 


C635 


283-0059-00 






luF, Cer, 25V, -h80%-20% 


C636 


283-0059-00 






luF, Cer, 25V, -h80%-20% 


C637 


283-0059-00 






luF, Cer, 25V, -h80%-20% 


C638 


283-0059-00 






luF, Cer, 25V, -h80%-20% 



DIODES 

CR401 


152-0185-00 


Silicon, replaceable by 1N4152 


CR402 


152-0185-00 


Silicon, replaceable by 1N4152 


CR403 


152-0185-00 


Silicon, replaceable by 1N4152 


CR410 


152-0185-00 


Silicon, replaceable by 1N4152 


CR411 


152-0185-00 


Silicon, replaceable by 1N4152 


CR413 


152-0185-00 


Silicon, replaceable by 1N4152 


CR414 


152-0185-00 


Silicon, replaceable by 1N4152 
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INTER-CHANNEL CONTROL Circuit Board Assembly (cont) 



Ckt 

No. 


Tektronix 
Part No. 


Serial/Model 

Eff 


No. 

Disc 


Description 


DIODES (cont) 










CR425 


152-0185-00 






Silicon, replaceable by 1N4152 


CR429 


152-0185-00 






Silicon, replaceable by 1N4152 


CR30 


152-0185-00 






Silicon, replaceable by 1N4152 


CR434 


152-0185-00 






Silicon, replaceable by 1N4152 


CR444 


152-0185-00 






Silicon, replaceable by 1N4152 


CR455 


152-0185-00 






Silicon, replaceable by 1N4152 


CR462 


152-0185-00 






Silicon, replaceable by 1N4152 


CR464 


152-0185-00 






Silicon, replaceable by 1N4152 


CR471 


152-0185-00 






Silicon, replaceable by 1N4152 


CR474 


152-0141-02 


XB1 00000 




Silicon, 1N4152 


CR476 


152-0185-00 


B010100 


B099999X 


Silicon, replaceable by 1N4152 


CR479 


152-0185-00 






Silicon, replaceable by 1N4152 


CR624 


152-0185-00 






Silicon, replaceable by 1N4152 


CR625 


152-0185-00 






Silicon, replaceable by 1N4152 


CONNECTOR 










J449 


131-0391-00 


XB080000 




Coax, male, 50 OHM 


TRANSISTORS 










0404 


151-0190-00 






Silicon, 2N3904 


0408 


151-0190-00 






Silicon, 2N3904 


0410 


151-0190-00 






Silicon, 2N3904 


0422 


151-0188-00 






Silicon, 2N3906 


0430 


151-0190-00 


B010100 


B049999 


Silicon, 2N3904 


0430 


151-0269-00 


B050000 


B099999 


Silicon, selected from SE 3005 


0430 


151-0441-00 


B1 00000 




Silicon, selected from 2N2857 


0452 


151-0188-00 






Silicon, 2N3906 


0456 


151-0190-00 






Silicon, 2N3904 


0464 


151-0188-00 






Silicon, 2N3906 


0474 


151-0190-00 






Silicon, 2N3904 


0476 


151-0190-00 


XB1 00000 




Silicon, 2N3904 


0477 


151-0301-00 


XB1 00000 




Silicon, 2N2907 


0478 


151-0190-00 






Silicon, 2N3904 


0624 


151-0261-00 






Silicon, Dual, Tek Spec 


0626 


151-0134-00 






Silicon, replaceable by 2N2905 



RESISTORS 

R159 


315-0101-00 


100 OHM, 0.25W, 5% 


R401 


317-0103-00 


10k OHM, 0.1 25W, 5% 


R402 


317-0750-00 


75 OHM, 0.1 25W, 5% 


R404 


321-0402-00 


150k OHM, 0.1 25W, 1% 


R410 


317-0750-00 


75 OHM, 0.125W, 5% 
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INTER-CHANNEL CONTROL Circuit Board Assembly (cont) 



Ckt 

No. 


Tektronix 
Part No. 


Serial/Model 

Eff 


No. 

Disc 


Description 


RESISTORS (cont) 










R411 


317-0103-00 






10k OM, 0.1 25W, 5% 


R414 


315-0473-00 






47k OHM, 0.25W, 5% 


R415 


311-0831-00 


B010100 


B059999 


100k OHM, Var 


R415 


311-1272-00 


B060000 




100k OHM, Var 


R418 


317-0512-00 






5.1k OHM, 0.1 25W, 5% 


R422 


317-0103-00 






10k OHM, 0.1 25W, 5% 


R423 


317-0132-00 






1.3k OHM, 0.1 25W, 5% 


R427 


317-0132-00 






1.3k OHM, 0.1 25W, 5% 


R430 


315-0201-00 






200 OHM, 0.25W, 5% 


R431 


315-0102-00 






Ik OHM, 0.25W, 5% 


R434 


315-0122-00 


B010100 


B049999 


1 .2k OHM, 0.25W, 5% 


R434 


315-0152-00 


B050000 




1 .5k OHM, 0.25W, 5% 


R441 


315-0511-00 






510 OHM, 0.25W, 5% 


R442 


315-0153-00 






15k OHM, 0.25W, 5% 


R446 


315-0204-00 






200k OHM, 0.25W, 5% 


R451 


315-0513-00 






51k OHM, 0.25W, 5% 


R452 


315-0101-00 






100 OHM, 0.25W, 5% 


R453 


315-0243-00 






24k OHM, 0.25W, 5% 


R455 


315-0432-00 






4.3k OHM, 0.25W, 5% 


R457 


315-0472-00 






4.7k OHM, 0.25W, 5% 


R460 


311-0950-00 


B010100 


B059999 


10k OHM, Var 


R460 


311-1268-00 


B060000 




10k OHM, Var 


R461 


315-0272-00 






2.7k OHM, 0.25W, 5% 


R462 


315-0223-00 






22k OHM, 0.25W, 5% 


R464 


315-0331-00 






330 OHM, 0.25W, 5% 


R471 


315-0124-00 






120k OHM, 0.25W, 5% 


R472 


317-0104-00 






100k OHM, 0.1 25W, 5% 


R474 


317-0202-00 


B010100 


B099999 


2k OHM, 0.1 25W, 5% 


R474 


317-0102-00 


B1 00000 




Ik OHM, 0.1 25W, 5% 


R475 


317-0103-00 


XB10000 




10k OHM, 0.1 25W, 5% 


R476 


317-0153-00 






15k OHM, 0.1 25W, 5% 


R478 


315-0362-00 






3.6k OHM, 0.25W, 5% 


R479 


317-0511-00 


B011000 


B099999X 


510 OHM, 0.1 25W, 5% 


R621 


321-0632-00 






9.41k OHM, 0.1 25W, 0.25% 


R622 


321-0601-00 






2.141k OHM, 0.1 25W, 0.25% 


R624 


321-0236-00 






2.8k OHM, 0.125W, 1% 


R626 


321-0315-00 






18.7k OHM, 0.1 25W, 1% 


R627 


315-0180-00 






18 OHM, 0.25W, 5% 


R629 


315-0512-00 






5.1k OH, 0.25W, 5% 


R635 


315-0470-00 






47 OHM, 0.25W, 5% 


R636 


315-0101-00 






100 OHM, 0.25W, 5% 


R638 


315-0101-00 






100 OHM, 0.25W, 5% 
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INTER-CHANNEL CONTROL Circuit Board Assembly (cont) 



Ckt 

No. 


Tektronix 
Part No. 


Serial/Model 

Eff 


No. 

Disc 


Description 


TRANSFORMERS 










T400 


120-0650-00 






Toroid, 2 windings 


T410 


120-0487-00 






Toroid, 5 turns bifiiar 


T430 


120-0546-00 






Toroid, 4 turns bifiiar 




INTERFACE Circuit Board Assembly 




670-1090-00 


B010100 


B029999 


Compiete Board 




670-1090-01 


B030000 


B039999 


Compiete Board 




670-1090-02 


B040000 


B079999 


Compiete Board 




670-1090-03 


B080000 


B099999 


Compiete Board 




670-1090-04 


B1 00000 




Compiete Board 


CAPACITORS 










Cl 04 


283-0003-00 






0.01 uF, Cer, 150V, -r80%-20% 


C115 


283-0072-01 






0.01 uF, Cer, 20% 


C631 


290-0327-00 






0.56uF, Eiect., 100V, 20% 


C632 


290-0134-00 






22uF, Eiect., 15V, 20% 


C634 


283-0059-00 






luF, Cer, 25V, -h80%-20% 


C639 


290-0327-00 






0.56uF, Eiect., 100V, 20% 


DIODES 










CR108 


152-0185-00 






Siiicon, repiaceabie by 1N4152 


CR113 


152-0185-00 






Siiicon, repiaceabie by 1N4152 


CR115 


152-0185-00 






Siiicon, repiaceabie by 1N4152 


CR116 


152-0153-00 






Siiicon, Tek Spec 


CR528 


152-0185-00 


XB040000 




Siiicon, repiaceabie by 1N4152 


CONNECTORS 










J101 


131-0391-00 






Coaxiai, 50 OHM, maie 


J114 


131-0391-00 






Coaxiai, 50 OHM, maie 


INDUCTORS 










L631 


120-0382-00 






Toroid, 14 turns singie 


L632 


120-0382-00 






Toroid, 14 turns singie 


L639 


120-0382-00 






Toroid, 14 turns singie 


TRANSISTORS 










0108 


151-0188-00 






Siiicon, 2N3906 


0113 


151-0188-00 






Siiicon, 2N3906 


0116 


151-0207-00 






Siiicon, 2N3415 
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7S11 

Electrical Parts List- 



INTERFACE CIRCUIT Board Assembly (cont) 



Ckt 

No. 


Tektronix 
Part No. 


Serial/Model 

Eff 


No. 

Disc 


Description 


RESISTORS 










R101 


317-0124-00 






120k OHM, 0.1 25W, 5% 


R102 


317-0244-00 






240k OHM, 0.1 25W, 5% 


R104 


317-0153-00 






15k OHM, 0.1 25W, 5% 


R106 


317-0153-00 






15k OHM, 0.1 25W, 5% 


R107 


317-0151-00 


XB030000 




150 OHM, 0.125W, 5% 


R108 


317-0302-00 






3k OHM, 0.1 25W, 5% 


R109 


317-0152-00 






1.5k OHM, 0.1 25W, 5% 


RII1 


315-0203-00 






20k OHM, 0.25W, 5% 


R113 


315-0122-00 






1 .2k OHM, 0.25W, 5% 


R114 


321-0206-00 






1.37k OHM, 0.1 25W, 1% 


R115 


317-0431-00 






430 OHM, 0.125W, 5% 


R116 


315-0390-00 






39 OHM, 0.25W, 5% 


R320 


311-0585-00 






15k OHM, Var 


R512 


321-0402-00 






150k OHM, 0.1 25W, 1% 


R513 


321-0402-00 






150k OHM, 0.1 25W, 1% 


R519 


321-0339-00 






33.2k OHM, 0.1 25W, 1% 


R521 


321-0373-00 






75k OHM, 0.1 25W, 1% 


R527 


321-0373-00 






75k OHM, 0.1 25W, 1% 


R528 


321-0304-00 






14.3k OHM, 0.1 25W, 1% 


R529 


321-0402-00 






150k OHM, 0 125W, 1% 


R531 


321-0373-00 






75k OHM, 0.1 25W, 1% 


R533 


321-0402-00 






150k OHM, 0.1 25W, 1% 


R535 


321-0402-00 






150k OHM, 0.1 25W, 1% 


R537 


321-0356-00 






49.9k OHM, 0.125W, 1% 


R539 


321-0344-00 






37.4k OHM, 0.1 25W, 1% 


R551 


315-0510-00 






51 OHM, 0.25W, 5% 


R561 


315-0510-00 






51 OHM, 0.25W, 5% 


R634 


315-0100-00 






10 OHM, 0.25W, 5% 



S320 






Cal In 








-i-UP/INVERT Circuit Board Assembly 






670-1148-00 


B010100 


B019999 


Complete Board 




670-1148-01 


B020000 


Complete Board 


BULBS 

DS302 


150-0057-01 


B010100 


B019999 


Incandescent, 7153AS15, selected 


DS302 


150-0048-01 


B020000 




Incandescent, #683, selected 



^See Mechanical Parts List for replacement parts. 
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+ UP/INVERT Circuit Board Assembly (cont) 



Ckt 

No. 


Tektronix 
Part No. 


Serial/Model 

Eff 


No. 

Disc 


Description 


SWITCHES 
S302A ^ 
S302B 


670-1148-00 


B010100 


B019999 


Pushbutton, -i- UP 


S302A 

S302B 


670-1148-01 


B020000 




INV 

Pushbutton, -i- UP 




NORMAL/SMOOTH-INT TRIGGER Circuit Board Assembly 




670-1149-00 


B010100 


B019999 


Complete Board 




670-1149-01 


B020000 


Complete Board 


BULBS 


DS116 


150-0057-01 


B01000 


B019999 


Incandescent, 7153AS15, selected 


DS116 


150-0048-01 


B020000 




Incandescent, #683, selected 


DS141 


150-0057-01 


B010100 


B019999 


Incandescent, 71 53AS1 5, selected 


DS141 


150-0048-01 


B020000 




Incandescent, #683, selected 


RESISTORS 

R141 

R142 


317-0222-00 

317-0681-00 






2.2k OHM, 0.1 25W, 5% 
680 OHM, 0.125W, 5% 



SWITCHES 

S141A^ 








NORMAL 


S141B 


670-1149-00 


B010100 


B019999 


Pushbutton, SMOOTH 


S141C. 








INT TRIG 


S141A^ 








NORMAL 


S141B 


670-1149-01 


B020000 




Pushbutton, SMOOTH 


S141C 


INTTRIG 









^See Mechanical Parts List for replacement parts. 
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PART NUMBER - NATIONAL STOCK NUMBER 
CROSS REFERENCE INDEX 



PART 

1 NUMBER 


1 1 FSCM 1 


NATIONAL 

STOCK 

1 NUMBER 1 


PART 

1 NUMBER 


1 1 FSCM 1 


NATIONAL 

STOCK 

1 NUMBER 1 


120 - 0382-00 


80009 


5950 - 00 - 078-1510 


151 - 0207-00 


80009 


5961 - 00 - 378-0355 


120 - 0402-00 


80009 


5950 - 00 - 479-1621 


151 - 0216-00 


80009 


5961 - 00 - 350-2246 


120 - 0487-00 


80009 


5950 - 00 - 451-2440 


151 - 0261-00 


80009 


5961 - 00 - 689-1455 


120 - 0546-00 


80009 


5950 - 00 - 451-2443 


151 - 0269-00 


80009 


5961 - 00 - 452-0515 


120 - 0547-00 


80009 


5950 - 00 - 451-2444 


151 - 0441-00 


80009 


5961 - 01 - 005-9744 


120 - 0650-00 


80009 


5950 - 00 - 405-2717 


152 - 0141-02 


80009 


5961 - 00 - 105-7681 


131 - 0375-00 


80009 


5935 - 00 - 062-1320 


152 - 0153-00 


80009 


5961 - 00 - 923-9773 


131-039100 


80009 


5935 - 00 - 460-5639 


152 - 0185-00 


80009 


5961 - 00 - 936-7604 


131 - 0566-00 


80009 


5940 - 00 - 242-0676 


1 52 - 0226-00 


80009 


5961 - 00 - 232-3297 


131 - 0566-00 


80009 


6625 - 01 - 014-3446 


1 52 - 0323-00 


80009 


5961 - 00 - 222-6190 


131 - 0589-00 


80009 


5999 - 00 - 275-0213 


210 - 0046-00 


80009 


5310 - 00 - 841-8117 


131 - 0590-00 


80009 


5999 - 00 - 551-9434 


210 - 0457-00 


80009 


5310 - 00 - 841-8106 


131 - 0621-00 


80009 


5940 - 00 - 242-0536 


210 - 0583-00 


80009 


5310 - 00 - 006-8168 


131 - 0622-00 


80009 


5999 - 01 - 022-6616 


210 - 0586-00 


80009 


5310 - 00 - 836-3520 


131 - 0665-00 


80009 


5999 - 00 - 557-3659 


210 - 0590-00 


80009 


5310 - 00 - 006-8167 


131 - 0707-00 


80009 


5999 - 00 - 396-6331 


211 - 0101-00 


80009 


5305 - 00 - 492-2145 


131 - 0708-00 


80009 


5999 - 00 - 500-9657 


211 - 0105-00 


80009 


5305 - 00 - 841-8060 


131 - 0792-00 


80009 


5999 - 01 - 023-1578 


211 - 0116-00 


80009 


5305 - 00 - 005-8245 


136 - 0183-00 


80009 


5935 - 00 - 938-4734 


213 - 0020-00 


80009 


5305 - 00 - 005-2487 


136 - 0220-00 


80009 


5935 - 00 - 067-731 1 


213 - 0048-00 


80009 


5305 - 00 - 952-0172 


136 - 0235-00 


80009 


5935 - 00 - 814-2209 


213 - 0075-00 


80009 


5305 - 00 - 625-9541 


136 - 0263-03 


80009 


5999 - 00 - 394-0381 


213 - 0153-00 


80009 


5305 - 00 - 283-1909 


150 - 0048-01 


80009 


6240 - 00 - 060-2941 


214 - 0579-00 


80009 


5940 - 00 - 935-8313 


150 - 0057-01 


80009 


6240 - 00 - 183-0669 


214 - 1136-00 


80009 


5930-01 - 206-6724 


151 - 0134-00 


80009 


5961 - 00 - 936-7589 


214 - 1190-00 


80009 


6625-01 - 066-3336 


151 - 0188-00 


80009 


5961 - 00 - 931-0372 


281 - 0092-00 


80009 


5910 - 00 - 983-2624 


151 - 0188-00 


80009 


5961 - 00 - 457-5187 


281 - 0092-00 


80009 


5910 - 00 - 403-8872 


151 - 0188-00 


80009 


5961 - 00 - 931-0372 


281 - 0092-00 


80009 


5910 - 00 - 947-9500 


151 - 0190-00 


80009 


5961 - 00 - 892-8706 


281 - 0605-00 


80009 


5910 - 00 - 913-9920 


151 - 0192-00 


80009 


5961 - 00 - 879-7461 


283 - 0000-00 


80009 


5910 - 00 - 688-8702 
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PART NUMBER - NATIONAL STOCK NUMBER 
CROSS REFERENCE INDEX 



NATIONAL NATIONAL 

PART STOCK PART STOCK 



NUMBER 


1 1 FSCM 1 


1 NUMBER 1 


1 NUMBER 


1 1 FSCM 1 


1 NUMBER 


283 - 0003-00 


80009 


5910 - 00 - 801-1005 


315 - 0104-00 


80009 


5905 - 00 - 434-5443 


283 - 0004-00 


80009 


5910 - 00 - 577-1346 


315 - 0122-00 


80009 


5905 - 00 - 445-3825 


283 - 0023-00 


80009 


5910 - 00 - 914-3326 


315 - 0123-00 


80009 


5905 - 00 - 445-3826 


283 - 0026-00 


80009 


5910 - 00 - 954-9055 


315 - 0152-00 


80009 


5905 - 00 - 445-3831 


283 - 0032-00 


80009 


5910 - 00 - 113-2375 


315 - 0183-00 


80009 


5905 - 00 - 445-3708 


283 - 0051-00 


80009 


5910 - 00 - 900-1209 


315 - 0201-00 


80009 


5905 - 00 - 445-3714 


283 - 0054-00 


80009 


5910 - 00 - 879-6851 


315 - 0204-00 


80009 


5905 - 00 - 445-3762 


283 - 0059-00 


80009 


5910 - 00 - 932-7113 


315 - 0220-00 


80009 


5905 - 00 - 445-3768 


283 - 0060-00 


80009 


5910 - 00 - 835-6395 


315 - 0223-00 


80009 


5905 - 00 - 436-9680 


283 - 0065-00 


80009 


5910 - 00 - 465-4042 


315 - 0272-00 


80009 


5905 - 00 - 436-9832 


283 - 0072-01 


80009 


5910 - 00 - 460-9957 


315 - 0273-00 


80009 


5905 - 00 - 436-9839 


283 - 0081-00 


80009 


5910 - 00 - 782-7614 


315 - 0331-00 


80009 


5905 - 00 - 437-0883 


283 - 0103-00 


80009 


5910 - 00 - 485-4854 


315 - 0390-00 


80009 


5905 - 00 - 436-9884 


283 - 0175-00 


80009 


5910 - 00 - 158-5178 


315 - 0470-00 


80009 


5905 - 00 - 437-0891 


283 - 0594-00 


80009 


5910 - 00 - 066-0061 


315 - 0473-00 


80009 


5905 - 00 - 437-0164 


290 - 0134-00 


80009 


5910 - 00 - 752-4270 


315 - 0510-00 


80009 


5905 - 00 - 437-0272 


290 - 0134-00 


80009 


5910 - 00 - 807-7253 


315 - 0511-00 


80009 


5905 - 00 - 437-0282 


311 - 0095-00 


80009 


5905 - 00 - 476-0080 


315 - 0512-00 


80009 


5905 - 00 - 437-0283 


311 - 0258-00 


80009 


5905 - 00 - 910-0763 


315 - 0683-00 


80009 


5905 - 00 - 496-9491 


311 - 0310-00 


80009 


5905 - 00 - 841-7218 


315 - 0752-00 


80009 


5905 - 00 - 437-0921 


311 - 0732-00 


80009 


5905 - 00 - 177-7396 


315 - 0821-00 


80009 


5905 - 00 - 437-0936 


311 - 0831-00 


80009 


5905 - 00 - 138-1034 


321 - 0150-00 


80009 


5905 - 00 - 105-7713 


311 - 0883-00 


80009 


5905 - 00 - 483-3829 


321 - 0154-00 


80009 


5905 - 00 - 434-5045 


311 - 0950-00 


80009 


5905 - 00 - 220-3515 


321 - 0193-00 


80009 


5905 - 00 - 434-5059 


311 - 0965-00 


80009 


5905 - 00 - 451-4208 


321 - 0206-00 


80009 


5905 - 00 - 434-5055 


311 - 1162-00 


80009 


5905 - 00 - 170-9513 


321 - 0207-00 


80009 


5905 - 00 - 879-7815 


311 - 1263-00 


80009 


5905 - 00 - 048-6793 


321 - 0222-00 


80009 


5905 - 00 - 426-7707 


311 - 1268-00 


80009 


5905 - 00 - 566-3797 


321 - 0231-00 


80009 


5905 - 00 - 021-6494 


315 - 0100-00 


80009 


5905 - 00 - 434-5438 


321 - 0260-00 


80009 


5905 - 00 - 922-9925 


315 - 0101-00 


80009 


5905 - 00 - 102-5294 


321 - 0260-00 


80009 


5905 - 00 - 426-7788 


315-010200 


80009 


5905 - 00 - 434-5439 


321 - 0260-00 


80009 


5905 - 00 - 922-925 
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PART 

1 NUMBER 


1 1 FSCM 1 


PART NUMBER - NANTIONAL STOCK NUMBER 
CROSS REFERENCE INDEX 

NATIONAL 

STOCK PART 

1 NUMBER 1 1 NUMBER | | FSCM 


321 - 0289-00 


80009 


5905 - 00 - 434-5068 


321 - 0299-00 


80009 


5905 - 00 - 105-9724 


321 - 0327-00 


80009 


5905 - 00 - 426-7760 


321 - 0344-00 


80009 


5905 - 00 - 441-7812 


321 - 0360-00 


80009 


5905 - 00 - 251-1438 


321 - 0385-00 


80009 


5905 - 00 - 426-7847 


321 - 0391-00 


80009 


5905 - 00 - 824-4175 


321 - 0399-00 


80009 


5905 - 00 - 472-7238 


321 - 0402-00 


80009 


5905 - 00 - 426-7856 


321 - 0745-03 


80009 


5905 - 00 - 195-2402 


321 - 1310-03 


80009 


5905 - 00 - 195-2401 


348 - 0235-00 


80009 


5999 - 00 - 434-2894 


352 - 0162-00 


80009 


5999 - 01 - 022-9144 


352 - 0163-00 


80009 


5935 - 00 - 599-8832 


352 - 0169-00 


80009 


5935 - 00 - 597-5054 


352 - 0169-02 


80009 


5935 - 00 - 030-5132 


352 - 0198-00 


80009 


5935 - 00 - 597-5055 


352 - 0201-00 


80009 


4920 - 00 - 553-3414 


354 - 0251-00 


80009 


5340 - 00 - 064-0015 


361 - 0007-00 


80009 


5365 - 00 - 816-0002 


366 - 1057-00 


80009 


5355 - 00 - 765-3932 


366 - 1064-00 


80009 


5355 - 00 - 419-4040 


366 - 1148-01 


80009 


5355 - 00 - 419-4014 


366 - 1168-00 


80009 


5355 - 00 - 422-2313 


376 - 0049-00 


80009 


5985 - 00 - 023-2363 


376 - 0051-00 


80009 


3010 - 00 - 363-4140 


426 - 0121-00 


80009 


5950 - 00 - 865-0278 



NATIONAL 

STOCK 

NUMBER 
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PARTS LIST ABBREVIATIONS 



BHB 


binding head brass 


Int 


Internal 


BHS 


binding head steel 


ig 


length or long 


cap. 


capacitor 


met. 


Meal 


cer 


ceramic 


mtg hdw 


mounting hardware 


comp 


composition 


OD 


outside diameter 


comp 


connector 


OHB 


oval head bras 


CRT 


cathode-ray tube 


OHS 


oval head steel 


csk 


countersunk 


P/0 


part of 


DE 


double end 


PHB 


pan head brass 


dia 


diameter 


PHS 


pan head steel 






pisk 


plastic 


div 


division 


PMC 


paper, metal cased 


elect. 


electrolytic 


poly 


polystyene 


EMC 


electrolytic, metal cased 






EMT 


electolylc, mel tubuir 


PT 


paper, tubular 


ext 


external 


PTM 


paper or plasic, tubula, molded 


F& 1 


focus and Intensity 


RHB 


round head brass 


FHB 


flat head brass 


RHS 


round head steel 


FHS 


flat head steel 


SE 


single end 


Fil HB 


fillister head brass 


SN or S/N 


serial number 


Fil HS 


fillister head steel 


Sor SW 


switch 


h 


height or high 


TC 


temperature compensated 


hex. 


hexagonal 


THB 


truss head brass 


HHB 


hex head brass 


thk 


thick 


HHS 


hex head steel 


THS 


truss head steel 


MSB 


hex socket brass 


tub. 


Tubular 


HSS 


hex socket steel 


vor 


variable 


ID 


Inside diometer 


w 


wide or width 


Inc 


Incandescent 


WW 


wire-wound 
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SECTION 8 
DIAGRAMS 
AND 

MECHANICAL 
PARTS ILLUSTRATIONS 




Screwdriver adjustment. 

Front- or rear-panel control or connector. 
Refers to the indicated diagram. 

Test point. 

Blue line encloses components located on 
circuit board. 

Connection made to circuit board with 
interconnecting pin. 

Connection made to circuit board with 
pin socket. 



Coax connector. 





VOLTAGE AND WAVEFORM TEST CONDITIONS 



The typical voltage measurements were obtained under the following conditions unless noted otherwise on the individual 
diagrams 



7S11 (right vertical compartment, 
calibrated Sampling Head installed) 



200 
CAL IN 
Pushed in 

Midrange, 0 volts at 
OFFSET OUT jack 
Pushed in 

Termination or Coaxial 
cable connected. No 
input signal. 

I compartment) 



Fully clockwise free run) 
Pushed in 
5 us 
1 us 

Int Pushed in 





7A13 (left vertical compartment, 
P601 0, at +lnput connector, 

1 0X probe used for waveforms) 


Scan 


Rep 






7B50 (left horizontal compartment) 


Volts 


+ 


Mode 


Auto 


+lnput 


DC 


Coupling 


AC 


Comparison 


Voltage 


Source 


Int 




Center display on 


Magnifier 


XI 




graticule 


Time/Div 


See Waveforms 


Volts/Div 


See waveforms 







All voltages given on the diagrams are in volts. Waveforms shown are actual waveform photographs taken with a 
Tektronix Oscilloscope Camera System and Projected Graticule. Vertical deflection factor shown on waveform is the 
actual deflection factor from the input connector and does not include the 10X attenuation of the probe. The voltages and 
waveforms (shown in blue) on the diagrams are not absolute and may vary between instruments because of component 
tolerances, internal calibration, or front panel control settings. Voltage and time readouts are simulated in larger than 
normal type. 



Voltmeter 



Type 

Sensitivity 

Ranges 

Recommended type used 
for measuring the voltages 
shown on the diagrams) 



Multimeter 
20,000 ohm/volt 
0.6 and 12 volts 
Triplett Model 630-NA 



Units/Div 

VARIABLE 

+UP 

DC OFFSET 

NORMAL 
Input signal 



7504 



Vertical Mode 
Horizontal Mode 
B Intensity 
A Trigger Source 
B Trigger Source 



Left 

B 

Optimum 
Right Vert 
Left Vert 



7T11 (right horizonta 

Slope 
Stability 
Sequential 
Sweep Range 
Time/Div 



NOTE 

The spring tension of the pin sockets ensures a good connection between the circuit 
board and pin. This spring tension may be damaged by suing the pin sockets as a 
connecting point for spring-ioaded probe tip, aiiigator dips, etc 





POST AMPLIFIER 4 ATTENUATORS 










OUTPUT AMPUFI 










MCA<tORY 9ATB PRtven 










ao’so 




v'srncAL 





<0 

n 



n*Oit)<nn)m<yi(g<\jcONNniN«iN 






■0 ^ m n — 










rigiC i 
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SECTION 9 

MECHANICAL PARTS LIST 



7S11 



Replacement parts should be ordered from the Tektronix Field Office or Representative In 
your area. Changes to Tektronix products give you the benefit of Improved circuits and 
components. Please Include the Instrument type number and serial number with each 
order for parts or service. 



ABBREVIATIONS 





BHB 


binding head brass 


h 


height or high 


OHB 


oval head brass 




BHS 


binding head steel 


hex. 


hexagonal 


OHS 


oval head steel 




CRT 


cathode-ray tube 


HHB 


hex head brass 


PHB 


pan head brass 




csk 


countersunk 


HHS 


hex head steel 


PHS 


pan head steel 




DE 


double end 


MSB 


hex socket brass 


RHS 


round head steel 




FHB 


flat head brass 


HSS 


hex socket steel 


SE 


single end 




FHS 


flat head steel 


ID 


Inside diameter 


THB 


truss head brass 




Fll HB 


fillister head brass 


ig 


length or long 


THS 


truss head steel 




Fll HS 


flllster head steel 


OD 


outside diameter 


w 


wide or width 






FIGURE 1 


EXPLODED 






Fig. & 








0 






Index 


Tektronix 


Serial/Model No. 




t 






No. 


Part No. 


Eff Disc 




y 12 3 


4 5 


Description 



1-1 


366-0392-02 




1 


KNOB, gray-DELAY 


-2 






1 


RESISTOR, variable 








- 


mounting hardware: (not Included w/resistor) 




213-0020-00 




1 


SETSCREW, 6-32 x 0.125 Inch, HSS 


-3 


366-1189-00 




1 


KNOB, gray-DOT RESPONSE 








- 


knob Includes: 




213-0153-00 




1 


SETSCREW, 5-40 x 0.125 Inch, HSS 


-4 






1 


RESISTOR, variable 








- 


mounting hardware: (not Included w/resIstor) 


-5 


361-0143-00 




1 


SPACER, ring 


-6 


210-0583-00 




1 


NUT, hex., 0.25-32 x 0.312 Inch 


-7 


366-1064-00 


B010100B059999 


1 


KNOB, gray-FINE 




366-1084-00 


B060000 


1 


KNOB, gray-FINE 








- 


knob Includes: 




213-0239-00 




1 


SETSCREW, 3-48 x 0.062 Inch, HSS 


-8 


366-1148-00 


B010100B029999 


1 


KNOB, gray-DC OFFSET 




366-1148-01 


B030000B059999 


1 


KNOB, gray-DC OFFSET 




366-1101-00 


B060000 


1 


KNOB, gray-DC OFFSET 








- 


knob Includes: 




213-0153-00 




2 


SETSCREW, 5-40 x 0.125 Inch, HSS 


-9 






1 


RESISTOR, variable 








- 


mounting hardware: (not Included w/resIstor) 


-10 


210-0583-00 




1 


NUT, hex., 0.25-32 x 0.312 Inch 


-11 


366-1168-00 




1 


KNOB, red-VARIABLE 








- 


knob Includes: 




213-0153-00 




1 


SETSCREW, 5-40 x 0.125 Inch, HSS 


-12 


366-1057-00 




1 


KNOB, gray 








- 


knob Includes: 




213-0153-00 




1 


SETSCREW, 5-40 x 0.125 Inch, HSS 



REV. D DEC. 1975 



9-1 




Mechanical Parts List-7S1 1 



FIGURE 1 EXPLODED (cont) 



Fig. & 






Q 




Index 


Tektronix 


Serial/Model No. 


t 




No. 


Part No. 


Eff Disc 


y 


1 2 3 4 5 Description 


1-13 


262-0894-00 




1 


SWITCH, wired-mVolts/DIV 








- 


switch includes: 




260-1090-00 




1 


SWITCH, unwired 








- 


mounting hardware: (not included w/switch) 


-14 


210-0590-00 




1 


NUT, hex., 0.375-32 x 0.437 inch 


-15 


124-1205-00 




1 


ACTUATOR, switch 








- 


actuator includes: 




213-0075-00 




1 


SETSCREW, 4-40 x 0.094 inch, HSS 


-16 


214-1190-00 




1 


EXTENDER-RETRACTOR, knob 








- 


extender-retractor includes: 




213-0075-00 




1 


SETSCREW, 4-40 x 0.094 inch, HSS 




213-0140-00 




1 


SETSCREW, 2-56 x 0.094 inch, HSS 


-17 






1 


RESISTOR, variable 








- 


mounting hardware: (not included w/resistor) 


-18 


220-0510-00 




1 


NUT, hex., 0.25-32 x 0.312 inch 


-19 


210-0046-00 




1 


WASHER, lock, internal, 0.261 ID x 0.40 inch OD 


-20 


358-0409-00 




1 


BUSHING, 0.207 inch long 


-21 


670-1148-00 


B010100B019999 


1 


ASSEMBLY, circuit board- -rUP/INVERT 




670-1148-01 


B020000 


1 


ASSEMBLY, circuit board- -rUP/INVERT 








- 


assembly includes: 




380-0148-00 




1 


HOUSING, light 








- 


mounting hardware: (not included w/housing) 




213-0181-00 




1 


SCREW, thread forming #2 x 0.375 inch, PHS 


-22 


131-0589-00 




6 


TERMINAL, pin, 0.50 inch long 


-23 


131-0590-00 




2 


TERMINAL, pin, 0.665 inch long 








- 


mounting hardware: (not included w/assembly) 


-24 


211-0156-00 




1 


SCREW, 1-72 X 0.25 inch, 82° csk, FHS 


-25 


670-1149-00 


B010100B019999 


1 


ASSEMBLY, circuit board-NORMAL/SMOOTH 
INTTRIG 




670-1149-01 


B020000 


1 


ASSEMBLY, circuit board-NORMAL/SMOOTH 
INTTRIG 








- 


assembly includes: 




380-0154-00 




1 


HOUSING, light 








- 


mounting hardware: (not included w/housing) 




213-0181-00 




1 


SCREW, thread forming, #2 x 0.375 inch, 
PHS 


-26 


131-0589-00 




9 


TERMINAL, pin, 0.50 inch long 


-27 


131-0590-00 




2 


TERMINAL, pin, 0.665 inch long 








- 


mounting hardware: (not included w/assembly) 


-28 


211-0156-00 




1 


SCREW, 1-72 X 0.250 inch, 82° csk, FHS 


-29 


131-0779-00 




3 


JACK, tip 


-30 


352-0181-00 




1 


HOLDER, tip jack, plastic 

-mounting hardware: (not included w/holder) 


-31 


213-0012-00 




2 


SCREW, thread cutting, 4-40 x 0.375 inch, FHS 


REV. MAY 1974 
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FIGURE 1 EXPLODED (cont) 



Fig. & 
Index 


Tektronix 


Serial/Model No. 




No. 


Part No. 


Eff Disc 




1-32 


358-0301-02 




1 


-33 


366-1058-09 




1 


-34 


214-1095-00 




1 


-35 


105-0076-00 




1 


-36 


214-1280-00 




1 


-37 


348-0235-00 




1 


-38 


214-1054-00 




1 


-39 


105-0075-00 




1 


-40 


214-1061-00 




1 


-41 


333-1218-00 




1 


-42 


386-1447-20 




1 


-43 


213-0192-00 




4 


-44 


200-0895-00 




1 


-45 


343-0153-00 




4 


-46 


210-0457-00 




4 


-47 


351-0132-00 




1 


-48 


131-0581-00 




1 


-49 


213-0082-00 




2 




255-0249-00 




ft 


-50 


407-0628-00 




1 


-51 


211-0101-00 




4 


-52 


210-0586-00 




2 


-53 


220-0547-01 




6 


-54 


211-0105-00 




1 


-55 


426-0499-06 




1 


-56 


426-0505-06 




1 


-57 


131-0410-00 




1 


-58 


354-0331-00 




1 


-59 


343-0190-00 




1 



Mechanical Parts List-7S1 1 



1 2 3 4 5 Description 



BUSHING, plastic 
KNOB, latch 

mounting hardware: (not included w/knob) 

PIN, spring, split 

RELEASE BAR, latch 
SPRING, helical compression 
SHIELDING GASKET 
SPRING, flat, latch detent 
BOLT, latch 

SPRING, flat, sliding ground 
PANEL, front 
SUBPANEL, front 

mounting hardware: (not included w/subpanel) 
SCREW, thread forming, 6-32 x 0.50 inch, Eli HS 

BEZEL, plastic 

mounting hardware: (not included w/bezel) 
CLAMP, rim clenching 
NUT, keps, 6-32 x 0.312 inch 

GUIDE-CLIP, plastic 

CONNECTOR, receptacle, 12 contact, female 
mounting hardware: (not included w/connector) 
SCREW, thread cutting, 4-40 x 0.50 inch, PHS 

CHANNEL, plastic, 1 inch long 
BRACKET, component 
mounting hardware: (not included w/bracket) 
SCREW, 4-40 X 0.25 inch, 100°csk, FHS 
NUT, keps, 4-40 x 0.25 inch 

NUT BLOCK, 0.25 inch long 
mounting hardware for each: (not included w/nut 
block) 

SCREW, 4-40 X 0.1 88 inch, 1 00° csk, FHS 

FRAME SECTION, bottom 
FRAME SECTION, top 
CONNECTOR 

mounting hardware: (not included w/connector) 
RING, retaining 
RETAINER, connector 



REV. MAY 1974 
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FIGURE 1 EXPLODED (cont) 



Mechanical Parts List-7S1 1 



Fig. & 

Index 

No. 


Tektronix 
Part No. 


Serial/Model No. 
Eff Disc 


Q 

t 

y 


1 2 3 4 5 Description 


1-60 


670-1165-00 






1 


ASSEMBLY, circuit board 










- 


assembiy inciudes: 




388-1472-00 






1 


BOARD, circuit 


-61 


131-0839-00 






6 


CONTACT, eiectricai 


-62 


210-0702-00 






18 


EYELET, fiat, fiange 


-63 


131-0842-00 






4 


TERMINAL, iug 


-64 


131-0512-00 






1 


CONNECTOR, terminai, 0.315 inch iong 


-65 


131-0755-00 






1 


CONNECTOR, terminai, 0.315 inch iong 


-66 


131-0375-00 






2 


CONNECTOR, right angie, 50 Q., femaie 


-67 


175-0826-00 






FT 


Wire, eiectricai, 3 wire ribbon, 1 inch iong 


-68 


131-0621-00 






3 


CONNECTOR, terminai 


-69 


352-0199-00 






1 


HOLDER, terminai connector, 3 wire 










- 


mounting hardware: (not inciuded w/assembiy) 


-70 


211-0038-00 






3 


SCREW, 4-40 X 0.312 inch, 100°csk, FHS 


-71 


204-0411-00 






1 


BODY HALF, commentator, moving 


-72 


214-1035-00 






3 


SPRING, helical compression 


-73 


386-1679-00 






3 


SUPPORT, block, commentator half 


-74 


213-0230-00 






3 


SCREW, 4-40 X 0.25 inch, FHB 


-75 


220-0567-00 






3 


NUT PLATE 


-76 


211-0101-00 






3 


SCREW, 4-40 X 0.25 inch, 100° csk, FHS 


-77 


670-1166-00 






1 


ASSEMBLY, circuit board 










- 


assembly includes: 




388-1473-00 






1 


BOARD, circuit 


-78 


131-0842-00 






2 


TERMINAL, lug 


-79 


175-0826-00 






ft 


WIRE, electrical, 3 wire ribbon, 1 inch long 


-80 


131-0621-00 






3 


CONNECTOR, terminal 


-81 


352-0199-00 






1 


HOLDER, terminal connector, 3 wire 


-82 


131-0512-00 






1 


CONNECTOR, terminal, 0.315 inch long 


-83 


131-0755-00 






1 


CONNECTOR, terminal, 0.315 inch long 










- 


mounting hardware: (not included w/assembly) 


-84 


211-0038-00 






3 


SCREW, 4-40 X 0.312 inch, 100° csk, FHS 




210-0001-00 






3 


WASHER, lock, internal #2 


-85 


210-0405-00 






3 


NUT, hex., 2-56 x 0.187 inch 


-86 


204-0410-00 






1 


BODY HALF, commutator, stationary 










- 


mounting hardware: (not included w/body half) 




211-0038-00 






3 


SCREW, 4-40 X 0.312 inch, 100. csk, FHS 


-87 


210-0586-00 






3 


NUT, keps, 4-40 x 0.25 inch 


-88 


670-1088-00 






1 


ASSEMBLY, circuit board-VERTICAL 










- 


assembly includes: 




388-1305-00 






1 


BOARD, circuit 


-89 


136-0220-00 






24 


SOCKET, transistor, 3 pin square 


-90 


136-0235-00 






2 


SOCKET, semiconductor, 6 contact 


-91 


136-0263-03 






39 


SOCKET, pin terminal 


-92 


214-0579-00 






10 


PIN, test point 


-93 


361-0238-00 






4 


SPACER, sleeve 


-94 


211-0155-00 






4 


SCREW, 4-40 X 0.375 inch, PHS 
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FIGURE 1 EXPLODED (cont) 



Mechanical Pats List-7S1 1 



Fig. & Q 

Index Tektronix Serial/Model No. t 

No. Part No. Eff Disc y 1 2 3 4 5 Description 



1-95 


670-1089-00 


B010100 


B049999 


1 




670-1089-01 


B050000 


B079999 


1 




670-1089-02 


B080000 


B090000 


1 




670-1089-03 


B1 00000 




1 


-96 


131-0391-00 


B010100 


B079999 


1 




131-0391-00 


B080000 




2 


-97 


136-0183-00 






1 


-98 


136-0220-00 






10 


-99 


136-0235-00 






1 


-100 


136-0263-03 






19 


-101 


426-0121-00 






1 


-102 


361-0007-00 






1 


-103 


361-0238-00 






3 


-104 


211-0155-00 






3 


-105 


670-1090-00 


B010100 


B029999 


1 




670-1090-01 


B030000 


B039999 


1 




670-1090-02 


B040000 


B079999 


1 




670-1090-03 


B080000 


B090000 


1 




670-1090-04 


B1 00000 




1 


-106 


131-0391-00 






2 


-107 


131-0566-00 






2 


-108 


131-0589-00 






40 




131-0590-00 


B010100 


B079999 


48 




131-0590-00 


B080000 




46 




131-0593-00 






4 




131-0665-00 






1 




131-0827-00 






1 


-109 


131-0593-00 






4 


-110 


136-0183-00 






1 


-111 


136-0220-00 






2 


-112 


351-0155-00 






5 


-113 


351-0188-00 






7 


-114 


351-0185-00 






1 


-115 


214-1140-00 






8 


-116 


214-1136-00 






1 


-117 


351-0180-00 






1 


-118 


407-0553-00 






1 


-119 








1 


-120 


210-0583-00 






1 


-121 


211-0116-00 






6 


-122 


386-1402-00 






1 


-123 


13-0192-00 






4 


-124 


337-1238-00 


B010100 


B059999 


1 




337-1238-01 


B060000 




1 


-125 


337-1247-00 


B010100 


B059999 


1 




337-1247-01 


B060000 




1 



ASSEMBLY, circuit board-INTER-CHANNEL CONTROL 
ASSEMBLY, circuit board-INTER-CHANNEL CONTROL 
ASSEMBLY, circuit board-INTER-CHANNEL CONTROL 
ASSEMBLY, circuit board-INTER-CHANNEL CONTROL 
assembly includes: 

CONNECTOR, 50 male 
CONNECTOR, 50 Q., male 
SOCKET, transistor, 3 pin 
SOCKET, transistor, 3 pin, square 
SOCKET, semiconductor, 6 contact 
SOCKET, pin terminal 
MOUNT, toroid, plastic 
SPACER, plastic, 0.188 inch long 
SPACER, sleeve 
SCREW, 4-40 X 0.375 inch, PHS 
ASSEMBLY, circuit board-INTERFACE 
ASSEMBLY, circuit board-INTERFACE 
ASSEMBLY, circuit board-INTERFACE 
ASSEMBLY, circuit board-INTERFACE 
ASSEMBLY, circuit board-INTERFACE 
assembly includes: 

CONNECTOR, 50 a, male 

LINK, terminal connecting 
TERMINAL, pin, 0.46 inch long 
TERMINAL, pin, 0.71 inch long 
TERMINAL, pin, 0.71 inch long 
TERMINAL, pin, 1.15 inches long 
TERMINAL, pin, 0.88 inch long 
TERMINAL, pin, 0.55 inch long 
TERMINAL, pin, 1.15 inches long 
SOCKET, transistor, 3 pin 
SOCKET, transistor, 3 pin, square 
GUIDE, terminal lead, plastic 
GUIDE-POST, lock 
GUIDE-POST, lock 
SPRING, helical compression 
ACTUATOR, slide switch 
GUIDE, actuator, plastic 
BRACKET, component 
RESISTOR, variable 

mounting hardware: (not included w/resistor) 
NUT, hex., 0.25-32 x 0.312 inch 
mounting hardware: (not included w/assembly) 
SCREW, sems, 4-40 x 0.312 inch, PHB 
PANEL, rear 

mounting hardware: (not included w/panel) 

SCREW, thread forming, 6-32 x 0.50 inch, Fil HS 

SHIELD, electrical, left 
SHIELD, electrical, left 
SHIELD, electrical, right 
SHIELD, electrical, right 
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Mechanical Parts List-7S1 1 



Fig. & 

Index 

No. 


Tektronix 
Part No. 


FIGURE 1 EXPLODED 

Q 

Serial/Model No. t 

Eff Disc y 


1 (cont) 

1 2 3 4 5 Description 


1-126 


131-0375-00 


B010100B079999 


1 


CONNECTOR, right angle, 50 Q., female 




131-0375-00 


B080000 


2 


CONNECTOR, right angle, 50 Q., female 


-127 


175-0825-00 




ft 


WIRE, electrical, 2 wire ribbon, 0.583 inch long 


-128 


175-0828-00 




ft 


WIRE, electrical, 5 wire ribbon, 4.146 inches long 


-129 


175-0131-00 




ft 


WIRE, electrical, 8 wire ribbon, 3.229 inches long 


-130 


175-0832-00 




ft 


WIRE, electrical, 9 wire ribbon, 3.708 inches long 


-131 


352-0162-00 




1 


HOLDER, terminal connector, 4 wire 


-132 


352-0163-00 




1 


HOLDER, terminal connector, 5 wire 


-133 


352-0169-00 




1 


HOLDER, terminal connector, 2 wire 




352-0169-02 




2 


HOLDER, terminal connector, 2 wire (red) 


-134 


352-0176-00 




1 


HOLDER, terminal connector, 4 wire (double row) 


-135 


352-0198-00 




1 


HOLDER, terminal connector, 2 wire (large) 


-136 


352-0201-00 




3 


HOLDER, terminal connector, 5 wire 


-137 


352-0204-00 




1 


HOLDER, terminal connector, 8 wire 


-138 


352-0205-00 




1 


HOLDER, terminal connector, 9 wire 


-139 


131-0707-00 




1 


CONNECTOR, terminal (for small wire) 




131-0708-00 




1 


CONNECTOR, terminal (for large wire) 


-140 


131-0621-00 


B010100B020369 


1 


CONNECTOR, terminal (for small wire) 




131-0792-00 


B020370 


3 


CONNECTOR, terminal 




131-0622-00 




1 


CONNECTOR, terminal (for large wire) 


-141 


384-0664-00 




1 


SHAFT, 1 .05 inches long 


-142 


384-0679-00 




1 


SHAFT, 5/29 inches long 




376-0051-00 




1 


COUPLING 








- 


coupling includes: 


-143 


376-0049-00 




1 


COUPLING, plastic 


-144 


354-0251-00 




2 


RING, coupling 




213-0048-00 




4 


SETSCREW, 4-40 x 0.125 inch, HSS 






STANDARD ACCESSORIES 




070-0985-00 




1 


MANUAL, instruction (not shown) 
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MANUAL CHANGE INFORMATION 



At Tektronix, we continually strive to keep up with latest electronic 
developments by adding circuit and component improvements to our 
instruments as soon as they are developed and tested. 

Sometimes, due to printing and shipping requirements, we can’t get 
these changes immediately into printed manuals Hence, your manual 
may contain new change information on following pages. 

A single change may affect several sections. Since the change 
information sheets are carried in the manual until all changes are 
permanently entered, some duplication may occur. If no such change 
pages appear following this page, your manual is correct as printed. 



SERVICE NOTE 

Because of the universal parts procurement problem, some electrical 
parts in your instrument may be different from those described in the 
Replaceable Electrical Parts List. The parts used will in no way alter or 
compromise the performance or reliability of this instrument. They are 
installed when necessary to ensure prompt delivery to the customer. 
Order replacement parts from the Replaceable Electrical Parts List. 



CHANGE INFORMATION AND TEST EOUIPMENT 




CALIBRATION TEST EQUIPMENT REPLACEMENT 



Calibration Test Equipment Chart 

This chart compares TM 500 product performance to that of older Tektronix equipment Only those characteristics where 
significant specification differences occur, are listed. In some cases the new instrument may not be a total functional 
replacement. Additional support instrumentation may be needed or a change in calibration procedure may be necessary. 

Comparison of Main Characteristics 



DM 501 replaces 7D13 






PG 501 replaces 107 


PG 501 -Retime less than 3.5 ns Into 
5012 


107 - RIsetIme less than 3.0 ns Into 
50 Q. 


108 


PG 501 -5 V output pulse; 3.5 ns RIsetIme. 


108 - 10 V output pulse, 1 ns RIsetIme. 


111 


PG 501 -RIsetIme less than 3.5 ns, 8 ns 
Pretrigger pulse delay. 


1 1 1 - RIsetIme 0.5 ns; 30 to 250 ns 
Pretrigger Pulse delay. 


114 


PG 501 -±5 V output. 


1 1 4 - ±1 0 V output. Short proof output. 


115 


PG 501 -Does not have Paired, Burst, Gated, 
or Delayed pulse mode; ±5 V dc 
Offset. Has 5 V output. 


115 - Paired, Burst, Gated, and Delayed 
pulse mode; ±10 V output. 
Short-proof output. 


PG 502 replaces 1 07 
108 






PG 502 -5 V output 


108 - V output. 


111 


PG 502 -RIsetIme less than 1 ns; 10 ns 
Pretrigger pulse delay 


1 1 1 - RIsetIme 0.5 ns; 30 to 250 ns 
Pretrigger pulse delay. 


114 


PG 502 - ±5 V output 


1 1 4 - ±1 0 V output. Short proof output 


115 


PG 502 -Does not have Paired, Burst, Gated, 
Delayed & Undelayed pulse mode; 
Has 5 V output. 


115 - Paired, Burst, Gated, Delayed & Un- 
delayed pulse mode; ±10 V output. 
Short-proof output. 


2101 


PG 502 -Does not have Paired or Delayed 
pulse Has ±5 V output 


2101 -Paired and Delayed pulse, 10 V 
output 


PG 506 replces106 


PG 506 -Positive-going trigger output signal 
at least 1 V; High Amplitude out- 
put, 60 V. 


106 - Positive and Negative-going trigger 
output signal, 50 ns and 1 V; High 
Amplitude output, 100 V. 


067-0502-01 


PG 506 -Does not have chopped feature. 


0502-01 -Comparator output can be alter- 
nately chopped to a reference 
voltage. 


SG 503 replaces 190, 






190A, 190B 


SG 503 -Amplitude range 5 mV to 5.5 V p-p 


190B -Amplitude range 40 mV to 10 V p-p. 


191 


SG 503 -Frequency range 250 kHz to 250 
MHz. 


1 91 -Frequency range 350 kHz to 1 00 MHz. 


067-0532-01 


SG 503 -Frequency range 250 kHz to 250 MHz 


0532-01 -Frequency range 65 MHz to 500 MHz. 


TG 501 replaces 180, 






180A 


TG 501 -Marker outputs, 5 sec to 1 ns 

SInewave available at 5, 22, and 1 ns 
Trigger output - saved to marker 
output from 5 sec through 1 00 ns. 
One time-mark can be generated at a 
time 


180A -Marker outputs, 5 sec to 1 s. 
SInewave available at 20, 10 
and 2 ns. Trigger pulses 1 , 10, 
100 Hz, 1,10, and 100 kHz. 
Multiple time-marks can be 
generated simultaneously. 


181 


TG 501 -Marker outputs, 5 sec to 1 ns. Sine- 
wave available at 5, 2, and 1 ns. 


181 -Marker output, 1, 10, 100, 1000, 

and 10,000 ps, plus 10 ns sInewave. 


184 


TG 501 -Marker outputs, 5 sec to 1 ns. Slne- 
Trlgger output - slaved to marker 
output from 5 sec through 1 00 ns. 
One time-mark can be generated at 
a time. 


184 -Marker outputs, 5 sec to 2 ns. SIne- 
wave avaabe at 50, 20, 10, 5, 
and 2 ns Separate trigger pulses 
of 1 and .1 sec, 10, 1, and .1 ms; 

10 and 1 p's. Marker amplifier pro- 
ves positive or negative time 
marks of 25 V min. Marker 
Intervals of 1 and .1 sec; 10,1, 
and .1 ms, 10 and 1 ps. 


2901 


TG501 -Marker outputs, 5 sec 1 ns. Sine- 
wave available at 5, 2, and 1 ns 
Trigger output - slaved to marker 
output from 5 sec though 1 00 ns. 
One time-mark can be generated at 
a time 


2901 -Marker output 5 sec to 0.1 p s. 
SInewave available to 50, 10, 
and 5 ns. Separate trigger pulses, 
from 5 sec to 0.1 ps. 

Multiple timemarks can be gene 
rated simultaneously. 









NOTE: All TM 500 generator outputs are short-proof. All TM 00 plug-in instruments require TM 500-Series Power Module. 
REV. A, OCT 1975 
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Manuals (types 7, 8, and 9), Supply Bulletins, and Lubrication Orders. 
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The Army Maintenance Management System (TAMMS). 

Procedures for Destruction of Electronics Material to Prevent Enemy Use (electronics Command). 
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APPENDIX D 

MAINTENANCE ALLOCATION 
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Section I. INTRODUCTION 



D-1. General 

This appendix provides a summary of the maintenance 
operations for Verticai Ampiifier AM-6787(P)/U. it 
authorizes categories of maintenance for specific 
maintenance function on reparabie items and 
components and the toois and equipment required to 
perform each function. This appendix may be used as 
an aid in pianning maintenance operations. 

D-2. Maintenance Function 

Maintenance function wiii be iimited to and defined as 
foiiows: 

a. Inspect. To determine the serviceabiiity of an item 
by comparing its physicai, mechanicai, and/or eiectricai 
characteristics with estabiished standards through 
examination. 

b. Test To verify serviceabiiity and to detect incipient 
faiiure by measuring the mechanicai or eiectricai 
characteristics of an item and comparing those 
characteristics with described standards. 

c. Service. Operations required periodicaiiy to keep 
an item in proper operating condition, i.e., to ciean 
(decontaminate), to preserve, to drain, to paint, or to 
repienish fuei, iubricants, hydrauiic fiuids, or compressed 
air suppiies. 

d Adjust To maintain, within prescribed iimits, by 
bringing into proper or exact position, or by setting the 
operating characteristics to the specified parameters. 

e. Align. To adjust specified variabie eiements of an 
item to bring about optimum or desired performance. 

f. Calibrate. To determine and cause corrections to 
be made or to be adjusted on instruments or test 
measuring and diagnostic equipments used in precision 
measurement. Consists of comparisons of two 
instruments, one of which is a certified standard of 
known accuracy, to detect and adjust any discrepancy in 
the accuracy of the instrument being compared. 

g. Install The act of empiacing, seating, or fixing into 
position an item, part, moduie (component or assembiy) 
in a manner to aiiow the proper functioning of the 
equipment or system. 

h. Replace. The act of substituting a serviceabie iike 
type part, subassembiy, or moduie (component or 
assembiy) for an unserviceabie counterpart. 

/ Repair. The appiication of maintenance services 
(inspect, test, service, adjust, aiign, caiibrate, repiace) or 
other maintenance actions (weiding, grinding, riveting, 
straightening, facing, remachining, or resurfacing) to 
’restore serviceabiiity to an item by correcting specific 
damage, fauit, maifunction, or faiiure in a part, 
subassembiy, moduie (component or assembiy), end 
item, or system. 



/. Overhaul That maintenance effort 

(serviceZaction)necessary to restore an item to a 
compieteiy serviceabie/operationai condition as 
prescribed by maintenance standards (i.e., DMWR) in 
appropriate technicai pubiications. Overhaui is normaiiy 
the highest degree of maintenance perform by the Army. 
Overhaui does not normaiiy return an item to iike new 
condition. 

k. Rebuild Consists of those services/actions 
necessary for the restoration of unserviceabie equipment 
to a iike new condition in accordance with originai 
manufacturing standard. Rebuiid is the highest degree of 
materiei maintenance appiied to Army equipment. The 
rebuiid operation inciudes the act of returning to zero 
those age measurements (hours, miies, etc.) considered 
in ciassifying Army equipments/components. 

D-3. Column Entries 

a. Column 1, Group Number. Coiumn 1 iists group 
numbers, the purpose of which is to identify components, 
assembiies, subassembiies, and moduies with the next 
higher assembiy. 

b. Column 2, Component/Assembly. Coiumn 2 
contain the noun names of components, assembiies, 
subassembiies, and moduies for which maintenance is 
authorized. 

c. Column 3, Maintenance Function. Coiumn 3 iists 
the functions to be performed on the item iisted in 
coiumn 2. When items are iisted without maintenance 
functions, it is soieiy for purpose of having the group 
numbers in the MAC and RPSTL coincide. 

d Column 4, Maintenance Category. Coiumn 4 
specifies, by the iisting of a "work time" figure in the 
appropriate subcoiumn(s) , the iowest ievei of 
maintenance authorized to perform the function iisted 
coiumn 3. This figure represents the active time required 
to perform that maintenance function at the indicated 
category of maintenance, of the number or compiexity of 
the tasks within the iisted maintenance function vary at 
different maintenance categories, appropriate "work time" 
figures wiii be shown for each category. The number of 
task-hours specified by the "work time" figure represents 
the average time required to restore an item (assembiy, 
subassembiy, component, moduie, end item or system) 
to a serviceabie condition under typicai fieid operating 
condition. This time inciudes preparation time, 
troubieshooting time, and quaiity assurance/quaiity 
controi time in addition to the time required to perform the 
specific tasks identified for the maintenance function 
authorized in the maintenance aiiocation chart. 
Subcoiumns of coiumn 4 are as foiiows: 

C - Operator/Crew 
0 - Organizational 
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F - Direct Support 
FI - General Support 
D - Depot 

e Column 5 Tools and Equipment. Column 5 
specifies by code those common tool sets (not 
individual tools) and special tools, test, and support 
equipment required to perform the designated function. 
f Column 6, Remarks. Not applicable. 

D-4. Tool and Test Equipment Requirements (Sect. 

Ill) I 

a. Tool or Test Equipment Reference Code. The 
numbers in this column coincide with the numbers 
used in the tools and equipment column of the MAC. 
The numbers indicate the applicable tool or test 
equipment for the maintenance functions. 



b Maintenance Category. The codes in this column 
indicate the maintenance category allocated the tool or 
test equipment. 

c Nomenclature. This column lists the noun name and 
nomenclature of the tools and test equipment required to 
perform the maintenance functions. 
d Natlonal/NATO Stock Number. This column lists the 
National/NATO stock number of the specific tool or test 
equipment. 

e. Tool Number. This column lists the manufacturer’s 
part number of the tool followed by the Federal Supply 
Code for manufacturers (5-digit) in parenthesis. 

D-5. Remarks (Sect. IV) 

Not applicable 



(Next printed page is D-3) 
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SECTION II. MAINTENANCE ALLOCATION CHART 

FOR 

VERTICAL AMPLIFIER AM-6787 (P)/U 



GROUP 

NUMBER 



COMPONENT/ASSEMBLY 



(3) (4) (5) (6) 

TOOLS 

MAINTENANCE MAINTENANCE CATEGORY AND 

FUNCTION C I O I F-| — H-i B— EQPT REMARKS 



VERTICLAMPLIF ER AI 



JlnspbctO.1 



Service 

Test 

Adjust 

Repair 

Overhaui 



16 

1 thru 15 
1 thru 15 



1.0 15 
1.5 15 



VERTICAL CIRCLJIT BO 



MBLYlnspedt 



MPN 670-1088-00 



Replace 

Repair 

Overhaul 



15 

0.5 15 
1.0 15 



MPN 670-1089-00 



-CHANNEL CONTROL/ 

Replace 

Repair 

Overhaul 



Inspect 



0.5 15 
0.5 15 
1.0 15 



MPN 670-1090-00 



INTERFACE CIRCUIT A 

Replace 

Repair 

Overhaul 



0.5 15 
0.5 15 
1.0 15 















SECTION III TOOL AND TEST EOUIPMENT REOUIREMENTS 

FOR 

VERTICAL AMPLIFIER AM-6787(P)/U 
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NATIONAL/ TOOL 

NOMENCLATURE NATO STOCK NUMBER 

NUMBER 

ORSILLOSCOPE S-266(P)/U 6625 -015-6562 

SAMPLING HEAD TEKRONIX S-1 6625-00-470-33 

PIU SAMPLING TIME BASE TD-1161/U 6625-00-489-6450 

AMPLIFER DIFFERENTIAL COMPARATOR AM-6881/U 6625-00-478-0594 

PI TIME BASE TEKTRONIX 7B506625-00-327-6572 

DIGITAL VOLTMETER AN/USM-451 6625-01 -060-6804 

TEST SET TRANSISTOR TS-1 836D/U 6625-00-1 38-7320 

TEKTRONIX CALIBRATION FIXTURE 067-0508-00 6625-00-829-0882 

TEKTRONIX CALIBRATION FIXTURE 067-0572-01 6625-00-539-2745 

TEKTRONIX VARIABLE ATTENUATOR 067-0511-00 6625-00-145-2780 

1 X PROBE 6625-00-1 1 9-7349 

10X PROBE 

EXTENDER BOARD, TEKTRONIX CALIBRATION FIXTURE 067-0589-01 
SPECIAL CABLE ASSEMBLY 012-0203-00 

TOOLKIT, ELECTRONIC EQUIPMENT TK-105/G 5180-610-8177 

TOOLS AND EQUIPMENT AVAILABLE TO THE REPAIR TECHNICIAN 
BECAUSE OF ASSIGNED MISSION. 



DRSEL-MA Form 6013 (Edition of 1 Oct 74 may be used untii exhausted) HISA-FM 2132-77 
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